»v 


THE  UNIVERSITY 


OF  ILLINOIS 


LIBRARY 

uo.t 

"BE 

v.3 


H:  VO  X Vt?/  f.t-s 


^ v*v7re  ^ 


^fvSoV* 3V' 
3t<  ■££. A)?K 


\M m¥Mm 


?h  x *£.  * ' 


Imftf 

Sw  jSv^A 

41181 
IP* 


Digitized  by  the  Internet  Archive 
in  2015 


https://archive.org/details/proceedingsforco03broo 


Views  of  the  Library  Room. 


BROOKLYN  ENGINEERS’  CLUB. 


' ORGANIZED  OCT.  9,  1896. 
INCORPORATED  DEC.  29,  1896. 


PROCEEDINGS 

FOR  1899, 

CONSTITUTION  AND  BY-LAWS 


LIST  OF  MEMBERS 

AND 


Catalogue  of  Reference  Works  in  the  Library. 


JANUARY,  1900. 


PRICE,  TWO  DOLLARS. 


Office  of  Secretary,  191  Montague  Street, 

Library  of  Club  in  Brooklyn  Library  Building,  Montague  St.,  near  Fulton, 
Brooklyn,  N.  Y.  City. 


Copyright,  1900, 

BY  THE 

Brooklyn  Engineers’  Club. 


^ ' O 

o !r 

\D  *-* 

• v.5 

o 

O-^~y0  (u 

0 


1 V'i 


4 


BROOKLYN  ENGINEERS'  CLUB* 


S, 


1 

Hf 

if 


& 


CONTENTS. 

Page 

Constitution  and  By-Laws 5 

Officers  and  Members,  1896 13 

Officers,  1899  and  1909 14 

Members,  1900 15 

Proceedings  of  Annual  Meeting 27 

Reports: 

Board  of  Directors 28 

Secretary 31 

Treasurer 32 

Entertainment  Committee 32 

Library  Committee 31 

Membership  Committee 40 

Excursion  Committee 41 

Papers: 

No.  15.  Notes  on  Street  Paving  Materials  and  their  Uses,  by  Nelson  P.  Lewis.  . 51 

No- 16.  A Half  Century  of  Sanitation,  by  William  Paul  Gerhard 83 

No.  17.  Electrolysis,  an  Unsolved  Municipal  Problem,  by  Hubert  S.  Wynkoop.  . 119 

No.  18.  Plans  and  Specifications,  by  E Duryea,  Jr.,  W.  V.  Cranford,  et  al 143 

No.  19.  Aluminum,  by  Safford  K.  Colby 166 

No.  20.  The  N.  Y.  Building  Law  in  re  High  Buildings,  by  Robert  C.  Strachan.  . 183 

No.  21.  Recent  Developments  in  Gas  Engineering,  by  Henry  K.  Landis 197 

The  Dinners 214 

Memoir  of  George  W.  Wundpam 215 

Memoir  of  John  H.  Van  der  Veer 216 

List  of  Books  to  be  found  in  the  Library  of  the  Brooklyn  Engineers’  Club 217 

Advertisements 


I-XXXVIII 


— 


< 


CONSTITUTION  AND  BY=LAWS. 


ARTICLE  I. 

NAME,  LOCATION  AND  OBJECT. 

Section  1.  The  name  of  this  Association  shall  be  the 
“ Bkooklyn  Engineers’  Club.” 

Sec.  2.  The  offices  of  the  Club  shall  be  located  in  the  City  of 
Brooklyn. 

Sec.  3.  The  object  of  the  Club  shall  be  to  promote  social  and  pro- 
fessional intercourse  among  its  members;  to  advance  engineering 
knowledge  and  practice,  and  to  maintain  a high  standard  of  profes- 
sional procedure  in  all  respects. 

Sec.  4.  The  means  to  be  employed  for  this  purpose  shall  be: 
Meetings  for  the  presentation  and  discussion  of  appropriate  papers 
and  for  social  and  professional  intercourse;  the  publication  of  such 
papers  and  discussions  as  may  be  deemed  expedient;  the  maintenance 
of  a technical  library,  and  such  other  means  as  may  be  deemed 
proper. 

ARTICLE  II. 

MEMBERSHIP. 

Section  1.  The  Club  shall  consist  of  Corporate,  Associate,  Non-Resi- 
dent and  Honorary  members. 

Sec.  2.  A Corporate  member  shall  be  a civil,  military,  naval,  me- 
chanical, electrical,  mining  or  other  engineer,  architect,  surveyor  or 
analytical  chemist,  or  a person  wTlo  has  taken  a course  in  a technical 
school  with  the  purpose  of  entering  one  of  the  above-mentioned  pro- 
fessions. He  shall  be  either  a resident  of  Brooklyn,  or  one  of  the  other 
Boroughs  of  the  City  of  New  York,  or  a practitioner  therein,  at  the  time 
of  his  election. 

Sec.  3.  An  Associate  member  shall  be  a person  residing,  or  doing 
business  in  Brooklyn,  or  another  Borough  of  the  City  of  New  York,  at 
the  time  of  making  his  application,  who  has  such  a knowledge  of  or 
connection  with  applied  science  as  qualifies  him,  in  the  opinion  of  the 
Board  of  Directors,  to  co-operate  with  engineers  in  the  advancement  of 
professional  knowledge. 
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Sec.  4.  A Non-Resident  member  shall  be  one  possessing  the  qualifi- 
cations enumerated  in  Sections  2 and  3,  whose  residence  and  place  of 
business  are  both  outside  of  the  City  of  New  York. 

Sec.  5.  A Corporate  or  Associate  member  who  shall  remove  his  res- 
idence and  place  of  business  to  the  distance  stated  in  Section  4,  may 
be  transferred  to  the  Non-Resident  class  at  the  beginning  of  the  fiscal 
year  following  such  removal,  provided  notice  of  the  removal  be  filed 
with  the  Secretary  at  the  time  of  payment  of  the  annual  dues,  or  not 
later  than  February  1st. 

Sec.  6.  A Non-Resident  member  who  shall  remove  his  residence  or 
place  of  business  to  within  the  City  of  New  York,  shall  become  a full 
member  in  the  same  manner  as  specified  in  Article  III,  but  shall  not 
be  required  to  pay  an  entrance  fee.  Provided,  however,  that  his  ap- 
plication for  full  membership  shall  be  filed  within  three  (3)  months  of 
his  removal,  otherwise  his  name  shall  be  dropped  from  the  roll  of  the 
Club  by  the  Board  of  Directors  at  the  beginning  of  the  next  calendar 
year,  except  that  no  action  shall  be  taken  unless  a copy  of  this  section 
shall  have  been  served  upon  him  at  least  four  (4)  weeks  prior  to  such 
action. 

Sec.  7.  Honorary  members  shall  be  chosen  from  persons  resident 
in  Brooklyn,  of  acknowledged  eminence  in  the  pursuit  of  their  pro- 
fession, or  on  account  of  their  contributions  to  the  welfare  of  the  com- 
munity along  professional  or  municipal  lines.  There  shall  not  be 
more  than  five  (5)  Honorary  members  at  any  one  time. 

Sec  8 Associate,  Non-Resident,  and  Honorary  members  shall  not 
be  entitled  to  vote  or  hold  office,  but  shall  enjoy  all  other  Club  priv- 
ileges, except  that  Non-resident  members  shall  not  be  entitled  to  the 
library  privileges. 

ARTICLE  III. 

ADMISSIONS  AND  EXPULSIONS. 

Section  1.  An  application  for  admission  to  the  Club  as  a Corporate 
member  or  for  transfer  from  the  Non-Corporate  to  the  Corporate  grade, 
shall  embody  a concise  statement,  with  dates,  of  the  candidate’s  pro- 
fessional training  and  experience,  and  shall  be  in  a form  and  in  such 
detail  as  may  be  prescribed  by  the  Board  of  Directors.  It  shall  be 
signed  by  the  applicant,  and  shall  contain  a promise  to  conform  to  the 
requirements  of  membership  if  elected.  The  applicant  shall  give  at 
least  three  (3)  references,  two  of  whom  shall  be  Corporate  members  m 
good  standing. 

Sec.  2.  The  above  application  shall  be  made  through  the  Secretary , 
who  shall  post  the  name  of  the  applicant  on  the  bulletin  board  of  the 
Club,  and  transmit  the  application  to  the  President. 
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Tlie  qualifications  of  the  applicant  for  membership  shall  be  referred 
to  the  Committee  on  Membership,  or,  if  the  President  deem  it  advis- 
able, to  a special  committee  of  three  (3)  members  to  be  appointed  by 
him.  It  shall  be  the  duty  of  this  Committee  to  thoroughly  investigate 
the  personal  and  professional  fitness  of  the  candidate,  and  to  report  in 
writing  the  result  of  said  investigation  to  the  Board  of  Directors  as 
soon  as  practicable  thereafter. 

When  this  report  shall  have  been  made  to  the  Board  of  Directors, 
the  said  Board  shall  present  the  application,  if  approved  by  them,  at 
the  next  regular  meeting  of  the  Club,  or  as  soon  thereafter  as  possible, 
or  withhold  it  at  their  discretion,  except  that  upon  a written  request 
of  five  (5)  Corporate  members  to  the  Board  of  Directors,  said  Board 
shall  submit  said  application  at  the  next  regular  meeting  of  the  Club, 
together  with  the  report  as  to  why  said  application  had  been  withheld. 

Sec.  3.  An  application  which  shall  have  had  the  approval  of  the 
Board  of  Directors  shall  be  balloted  upon  at  a regular  meeting  by  the 
members  present,  provided  a notice  to  that  effect  shall  have  been  given 
by  the  Secretary  to  the  members  of  the  Club.  A four-fifths  (f ) vote  of 
those  voting  shall  be  necessary  for  election. 

Sec.  4.  The  application  of  any  candidate,  once  rejected,  shall  not 
be  considered  by  the  Board  of  Directors,  within  one  year,  unless  the 
same  be  accompanied  by  a request  signed  by  not  less  than  five  (5) 
Corporate  members  asking  for  a reconsideration  of  the  ballot,  and 
stating  the  reason  for  such  request.  The  Board  of  Directors,  should  it 
deem  those  reasons  sufficient,  shall  present  said  application  at  the  next 
regular  meeting  of  the  Club,  with  the  request  that  it  be  acted  upon. 

Sec.  5.  All  elected  candidates  shall  be  duly  notified  and  shall  sub- 
scribe to  the  Constitution  and  Buies  of  the  Club. 

If  these  provisions  are  not  complied  with  within  thirty  (30)  days 
from  the  notification  of  election,  such  election  shall  be  considered 
void  unless,  for  special  reason  the  time  shall  be  extended  by  the 
Board  of  Directors.  .Membership  of  any  person  shall  date  from  the 
day  of  his  election. 

Sec.  6.  Honorary  members  shall  be  proposed  by  the  Secretary  upon 
the  unanimous  recommendation  of  the  Board  of  Directors  at  a regular 
meeting,  and  be  balloted  upon  at  the  next  regular  meeting.  Four- 
fifths  (f)  of  the  votes  cast  shall  be  necessary  for  an  election. 

A person  elected  an  Honorary  member  shall  be  promptly  notified 
thereof  by  letter;  the  election  shall  be  canceled  if  an  acceptance  is  not 
received  within  ninety  (90)  days  after  mailing  such  notice. 

Sec.  7.  Upon  the  written  request  of  six  or  more  Corporate  members, 
that  for  cause  therein  set  forth  a person  belonging  to  the  Club  be  ex- 
pelled, the  Board  of  Directors  shall  consider  the  matter,  and,  if  there 
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appear  to  be  sufficient  reason,  shall  advise  the  accused  of  the  charges 
against  him.  He  may,  if  he  so  desire,  present  a written  defense,  which 
shall  be  considered  at  a meeting  of  the  Board  of  Directors,  of  which 
he  shall  receive  due  notice  and  at  which  he  may  appear  with  counsel. 
Unless  the  defense  made  be  satisfactory  to  the  Board  of  Directors,  they 
shall,  after  two  months  have  elapsed,  unless  his  resignation  has  already 
been ’tendered,  notify  the  person  that  he  must  present  the  same  within 
thirty  (30)  days,  or  he  will  then  be  expelled. 

An  appeal  may  be  taken  against  such  a course,  in  which  case  a 
special  meeting  will  be  called  for  the  purpose  of  submitting  to  the 
Club  all  the  evidence  in  the  case.  A majority  of  the  votes  cast  at  this 
special  meeting  will  be  required  to  sustain  the  action  of  the  Board. 
The  Secretary  will  notify  all  Corporate  members  of  the  Club  of  the 
result  of  the  ballot.  In  case  no  appeal  be  made,  the  Board  of  Directors 
will  expel  the  person  and  notify  him  and  the  Corporate  members  o 
its  action. 

Sec.  8.  A member  of  any  grade  in  the  Club  may  resign  his  member- 
ship by  a written  communication  to  the  Secretary,  who  will  present  the 
same  to  the  Board  of  Directors;  when,  if  his  dues  have  been  paid,  his 
resignation  will  be  accepted. 

ARTICLE  IV. 

ENTRANCE  EEES  AND  DUES. 

Section  1.  The  dues  on  admission  to  the  Club  and  yearly  there- 
after shall  be: 

For  Corporate  member,  Eight  (8)  Dollars. 

For  Associate  member,  Six  (6)  Dollars. 

For  Non-Resident  member,  Three  (3)  Dollars. 

Sec.  2.  Corporate,  Associate  and  Non-Resident  members  shall  pay 
an  entrance  fee  of  Five  Dollars  upon  admission  to  the  Club. 

The  annual  dues  shall  be  payable  for  the  ensuing  year  on  the  first 
day  of  January. 

It  shall  be  the  duty  of  the  Secretary  to  notify  each  member  of  the 
amount  due  for  the  ensuing  year  at  the  time  of  giving  notice  of  the 
annual  meeting. 

Sec.  3.  A person  elected  after  six  months  of  any  fiscal  year  shall 
have  expired  shall  pay  only  one-half  of  the  amount  of  dues  for  that 
fiscal  year. 

Sec.  4.  Any  person  whose  dues  are  more  than  one  month  in  arrears 
shall  be  notified  by  the  Secretary.  Should  his  dues  not  be  paid 
when  they  become  three  months  in  arrears,  he  shall  lose  all  library 
privileges  secured  through  the  membership  in  the  Club,  and  lose  his 
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right  to  vote.  Should  his  dues  become  four  months  in  arrears  he 
shall  again  be  notified  in  form  prescribed  by  the  Board  of  Directors, 
and  should  such  dues  become  six  months  in  arrears  he  shall  forfeit 
his  connection  with  the  Club.  The  Board  of  Directors  may,  for 
cause  deemed  by  them  sufficient,  extend  the  time  for  payment  and 
for  application  of  these  penalties. 

Sec.  5.  The  Board  of  Directors  may,  for  sufficient  cause,  reduce 
the  annual  dues  of  any  member  to  three  (3)  dollars,  and  of  any  Asso- 
ciate member  to  one  (1)  dollar,  provided  all  Library  privileges  are 
waived  by  the  person  making  application  therefor,  which  must  be  in 
writing. 

Sec.  6.  Every  member  admitted  to  the  Club  shall  be  considered  as 
belonging  thereto,  and  liable  for  payment  of  dues  until  he  shall  have 
resigned  or  been  expelled  therefrom. 

ARTICLE  V. 

OFFICERS. 

Section  1.  The  officers  of  the  Club  shall  be  a President,  Vice-Pres- 
ident, Secretary  and  Treasurer,  who  with  the  retiring  President  stall 
constitute  a Board  of  Directors  in  which  the  government  of  the  Club 
shall  be  vested,  and  who  shall  be  the  Directors  as  provided  for  by  the 
laws  under  which  the  Club  is  incorporated. 

Sec.  2.  The  President  shall  be  ineligible  for  election  to  two  suc- 
cessive terms  of  office. 

Sec.  3.  The  term  of  office  for  all  officers  shall  be  one  (1)  year,  except 
for  the  Vice-President,  who  shall  hold  office  for  two  (2)  years. 

Sec.  4.  A vacancy  in  the  office  of  President  shall  be  filled  by  the 
Vice-President. 

Sec.  5.  At  the  first  annual  meeting  there  shall  be  elected  a Trustee, 
who  shall  act  as  a member  of  the  Board  of  Directors  and  shall  serve 
for  one  year.  Any  vacancy  occurring  in  the  Board  by  resignation, 
death  or  otherwise,  shall  be  filled  for  the  unexpired  term  by  its  re- 
maining members. 

Sec.  6.  All  officers  shall  be  elected  by  ballot. 

ARTICLE  VI. 

MANAGEMENT. 

Section  1.  The  President,  acting  under  the  direction  of  the  Board 
of  Directors,  shall  exercise  a general  supervision  over  the  affairs  of  the 
Club.  He  shall  preside  at  all  business  meetings  of  the  Club  and  Board 
of  Directors  at  which  he  may  be  present,  call  special  meetings  when 
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the  same  may  be  necessary,  and  appoint  such  committees  as  are  herein 
provided  for.  He  shall  act  as  ex-officio  member  of  all  committees 
which  he  shall  appoint. 

Sec.  2.  The  Vice-President  shall  preside  at  business  meetings  in 
the  absence  of  the  President. 

Sec.  3.  The  Board  of  Directors  shall  manage  the  affairs  of  the  Club 
in  conformity  to  the  laws  under  which  the  Club  is  incorporated,  and 
the  provisions  of  this  Constitution.  They  shall  direct  the  investment 
and  care  of  the  funds  of  the  Club;  make  appropriations  for  specific 
purposes;  act  upon  applications  for  membership,  as  heretofore  pro- 
vided; constitute  the  Auditing  Board,  and  generally  conduct  the  busi- 
ness of  the  Club.  The  Board  of  Directors  shall  make  an  annual  re- 
port at  the  annual  meeting,  transmitting  the  report  of  the  Treasurer 
and  of  other  officers  and  committees. 

Sec.  4.  The  Secretary,  under  the  direction  of  the  President  and  the 
Board  of  Directors,  shall  be  the  executive  officer  of  the  Club.  He 
shall  keep  a record  of  all  business  meetings.  He  shall  notify  the 
members  of  all  meetings  and  postponements  thereof,  and  of  all  other 
matters  as  directed  by  the  President  and  the  Board  of  Directors.  It 
shall  also  be  his  duty  to  take  charge  of  and  preserve  all  papers  read 
and  discussed,  and,  when  directed  by  the  Board  of  Directors,  prepare 
copies  or  abstracts  of  the  same  for  publication. 

Sec.  5.  The  Treasurer  shall  collect  and  have  charge  of  all  funds, 
and  shall  deposit  the  same  to  the  credit  of  the  Club  in  such  depository 
as  may  be  directed  by  the  Board  of  Directors.  He  shall  pay  all  bills 
duly  approved,  by  check  countersigned  by  the  President,  and  shall 
keep  book  accounts  of  his  receipts  and  his  expenditures,  which  shall 
be  at  all  times  open  to  inspection  by  the  Board  of  Directors.  He 
shall  present  a monthly  report  to  the  Board,  showing  receipts  and 
expenditures  during  the  previous  month.  He  shall  make  an  annual  re- 
port to  be  audited  and  presented  to  the  Club  by  the  Board  of  Directors. 

Sec  6.  The  President,  within  ten  days  after  the  annual  meeting, 
shall  appoint  a Library  Committee  of  three,  a Committee  on  New 
Membership  of  three,  and  an  Entertainment  Committee  of  three,  mem- 
bers of  the  Club,  which  committees  shall  be  subject  to  the  direction 
of  the  Board  of  Directors. 

Sec.  7.  The  Library  Committee  shall  have  general  charge  of  the 
Library  and  shall  take  the  necessary  steps  to  procure  all  books, 
periodicals,  transactions,  reports,  publications,  etc.,  etc.,  that  may 
be  needed;  present  prior  to  the  annual  meeting  a report  to  the  Board 
of  Directors,  showing  the  increase  in  the  Library  during  the  year, 
and  a statement  of  the  moneys  expended;  also  present  an  estimate  of 
the  money  needed  for  Library  purposes  for  the  coming  year. 
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Sec.  8.  The  Committee  on  New  Membership  shall  investigate  the 
fitness  of  all  candidates  for  membership  that  may  be  referred  to 
them  by  the  President;  see  that  the  objects  and  advantages  of  the 
Club  are  at  all  times  kept  before  the  community  in  a proper  spirit, 
and,  generally,  see  that  the  Club  preserves  a healthy  and  desirable 
growth. 

Sec.  9.  The  Entertainment  Committee  shall  have  charge  of  arrange- 
ing  the  social  features  of  all  meetings,  and  shall  provide  suitable 
papers  to  be  presented  before  the  Club.  It  shall  be  their  duty  to 
transmit  all  necessary  information  concerning  the  same  to  the  Secre- 
tary in  time  for  inserting  notice  in  the  notification  of  meetings. 

ARTICLE  VII. 

MEETINGS. 

Section  1.  There  shall  be  eight  (8)  regular  meetings  of  the  Club 
per  annum,  to  be  held  on  the  second  Thursday  in  each  month,  except 
during'  the  months  of  June,  July,  August  and  September. 

Sec.  2.  The  annual  meeting,  at  which  the  officers  for  the  ensuing 
year  shall  be  elected  and  all  annual  reports  read,  shall  be  held  on  the 
second  Thursday  of  December  in  each  year. 

Sec.  3.  Whenever  the  President  shall  deem  it  necessary,  or  upon 
the  written  application  of  five  (5)  Corporate  members,  he  shall  direct 
the  Secretary  to  call  a special  meeting.  The  notice  thereof  shall  state 
the  time  and  place  of  holding  the  meeting  and  the  purpose  for  which 
it  is  called,  and  shall  be  mailed  not  less  than  five  days  previous  to  the 
date  of  the  proposed  meeting. 

Sec.  4.  At  all  regular  and  special  meetings  of  the  Club,  ten  (10) 
Corporate  members  shall  constitute  a quorum. 

Sec.  5.  The  Club  may  adopt,  from  time  to  time,  rules  for  the  order 
of  business  at  its  meetings. 

Sec.  6.  At  the  regular  or  special  meeting  of  October,  1897,  and 
annually  thereafter,  a committee  of  five  (5)  Corporate  members  shall 
be  elected  by  the  members  present  to  make  nominations  for  officers  to 
be  balloted  for  at  the  ensuing  annual  election.  Said  Committee  shall 
report  their  list  of  nominations  at  the  regular  meeting  in  November, 
and  the  list  shall  be  sent  to  each  Corporate  member  by  the  Secretary, 
in  the  regular  notification  of  the  annual  meeting.  And  it  shall  be  the 
duty  of  the  Secretary  to  send  with  such  nominations  any  other 
nominations,  on  the  written  request  of  five  (5)  Corporate  members 
filed  with  him  ten  (10)  days  before  the  date  of  the  annual  meeting. 
The  said  notices  shall  be  mailed  by  the  Secretary  one  week  before  the 
annual  election. 
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CONSTITUTION  AND  BY-LAWS. 


In  the  event  of  failure  to  elect  a Nominating  Committee  at  an 
October  meeting,  it  shall  be  the  duty  of  the  Board  of  Directors  to 
appoint  such  committee. 

AKTICLE  VIII. 


AMENDMENTS. 

Section  1 Proposed  amendments  to  this  Constitution  must  be  re- 
duced to  writing  and  signed  by  not  less  than  five  (5)  Corporate  mem- 
bers, and  be  submitted  and  acted  upon  as  follows: 

Sec.  2.  The  amendment,  as  proposed,  shall  be  sent  by  letter  to  the 
several  Corporate  members,  with  the  statement  that  the  matter  will 
come  up  before  the  next  regular  meeting  for  discussion  unless  other- 
wise  ordered. 

Sec.  3.  At  the  discussion  the  proposed  amendment  may  be  amended 
in  any  way  by  a majority  of  those  present  and  voting. 

Sec  4 The  amendment,  as  amended,  shall  then  be  sent  by  letter 
to  the  several  Corporate  members,  wherein  the  meeting  for  Anal  action 
thereon  will  be  announced.  When  final  action  is  taken,  a two-thirds  (.) 
vote  in  favor  of  said  amendment,  as  amended,  will  be  necessary  fonts 
adoption. 
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BROOKLYN  ENGINEERS’  CLUB. 


LIST  OF  OFFICERS  AND  MEMBERS,  1896. 


Temporary  President,  Andrew  J.  Provost,  Jr. 

Temporary  Secretary,  William  G.  Ford. 

Temporary  Treasurer,  George  W.  Tillson. 

Committee  on  Constitution  and  By-Laws  and  Committee  on  Library  : 

A.  J.  Caldwell,  George  W.  Tillson,  Walter  M.  Meserole, 

A.  J.  Provost,  Jr.,  William  G Ford. 

Committee  on  Incorporation: 

A.  J.  Provost,  Jr.,  William  G.  Ford. 


CHAPTER  MEMBERS. 


0.  F.  Balston, 

Carl  A.  Johnsen, 

Fred.  L.  Bartlett, 

Jacob  Stinman  Langthorn, 

Homer  L.  Bartlett, 

J.  Calvin  Locke, 

Herbert  J.  Barker, 

Edward  L.  Maltby, 

W.  L.  Beers, 

James  C.  Meem, 

R.  T.  Betts, 

Walter  M.  Meserole, 

William  E.  Belknap, 

Peter  Milne, 

Francis  Blossom, 

Frank  O.  Nowaczek, 

J.  C.  Brackenridge, 

Arthur  I.  Perry, 

David  Brower, 

Frederick  E.  Pierce, 

William  T.  Brnorton, 

Clarence  D.  Pollock, 

Edmund  J.  Burke, 

Andrew  J.  Provost,  Jr. , 

Andrew  J.  Caldwell, 

*G.  S.  Roberts, 

D.  Frederick  Carver, 

George  F.  Rowell, 

Frank  J.  Conlon, 

Joseph  Strachan, 

Albert  S.  Crane, 

Edwin  C.  Swezey, 

Frederick  A.  Drake, 

George  W.  Tillson, 

John  H.  Dwyer, 

Kenneth  Torrance, 

William  G.  Ford, 

Arthur  S.  Tuttle, 

Edwin  J.  Fort, 

William  D.  Vanderbilt, 

Arthur  J.  Griffin, 

*John  H.  Van  der  Veer, 

Thomas  S.  Griffin, 

Bernard  M.  Wagner, 

Walter  R.  Griffith, 

E.  Sherman  White, 

George  T.  Hammond, 

Richard  L.  Williams, 

Arthur  S.  Ives, 

George  E.  Winslow. 

* Deceased. 


OFFICERS,  1899. 

President:  Walter  M.  Meserole. 

Vice-President : Henry  B.  Seaman. 

Secretary : Andrew  J . Provost,  Jr. 

Treasurer : Calvin  W.  Rice. 

BOARD  OF  DIRECTORS. 

Walter  M.  Meserole,  Henbk  B.  Seaman, 

Andrew  J.  Provost,  Jr. , Calvin  W.  Bice, 

Nelson  P.  Lewis. 


COMMITTEES. 

Membership : Francis  Blossom,  F.  L.  Bartlett,  B.  T.  Betts. 
Entertainment : G.  W.  Tillson,  H.  S.  Demarf.st,  I>  F.  Carviml 
Library:  Joseph  Strachan,  J.  C.  Locke,  A.  J.  Provost,  Jr. , Joseph  W.  Eoe, 

D.  D.  Jackson. 


SPECIAL  COMMITTEES. 

Excursions:  J.  C.  Meem,  E.  C.  Shaler,  C.  L.  Hastings. 

Publication:  Joseph  Strachan,  W.  S.  Tuttle,  W.  V.  Cranford,  John  . 
Myers,  Jr.,  C.  L.  Hastings. 


OFFICERS,  1900. 

President:  George  W.  Tillson. 

Vice-President:  Henry  B.  Seaman. 

Secretary:  Andrew  J.  Provost,  Jr. 

Treasurer:  Calvin  W.  Rice. 


BOARD  OF  DIRECTORS. 

George  W.  Tillson,  Henry  B Seaman, 

Andrew  J.  Provost,  Jr.,  Calvin  W.  Bice, 

Walter  M.  Meserole. 


STANDING  COMMITTEES. 

Entertainment:  W.  S.  Tuttle,  Geo.  F.  Bowell,  H.  B. 

Membership:  W.  T.  Bruorton,  F.  G.  Cudworth  E C.  Shaler. 

Library:  Joseph  Strachan,  J.  0.  Locke,  A.  J.  Provost,  Jr. 

SPECIAL  COMMITEES. 

Excursions:  D.  F.  Carver,  J.  C.  Meem,  B.  N.  Wheeler. 

Publication : J.  W.  Bob,  G.  F.  Bowell,  C.  D.  Pollock,  F.  J.  Conlon,  W.  M. 

Meserole. 


BROOKLYN  ENGINEERS’  CLUB. 


Name. 

White,  Alfred  T 


B Alston,  Oscar  F. . . 
Barker,  Herbert  J . 
Bartlett,  Frank  B 

Bartlett,  Fred.  L. 

Bartlett,  Homer  L . 

Beach,  Robert  J. . . 
Beers,  W.  L 

Berger,  Bernt 

Betts,  R.  T 

Blossom,  Francis  . . . 
Brackenridge,  J.  C. 

Braine,  Bancroft  G 


ORGANIZED  OCTOBER  9th,  1896. 


HONORARY  MEMBER. 


Address. 

.40  Remsen  St.,  Brooklyn,  New 

Date  of  Election. 

York  City 

MEMBERS. 

.Civil  Engineer,  103  Decatur  St., 

May 

12,  1898 

Brooklyn,  New  York  City 

. Dept,  of  Highways,  Brooklyn, 

Nov. 

6,  1896 

New  York  City 

. Assistant  Engineer,  Dept,  of 
Sewers,  Brooklyn,  New  York 

Nov. 

6,  1896 

City 

.Civil  Engineer  and  ( ity  Surveyor, 
191  Montague  St.,  Brooklyn, 

Jan. 

7,  1897 

New  York  City 

.Civil  Engineer  and  City  Surveyor, 
Broadway  and  Gates  Ave., 

Nov. 

6,  1896 

Brooklyn,  New  York  City 

. Civil  Engineer,  191  Montague  St. , 

Nov. 

6,  1896 

Brooklyn,  New  York  City 

.Contracting  Civil  Engineer,  258 
Prospect  PL,  Brooklyn,  New 

Feb. 

4,  1897 

York  City 

. Civil  Engineer,  35  Broadway,  Man- 

Nov. 

6,  1896 

hattan,  New  York  City 

.Engineer  Inspector,  Dept,  of 
Docks,  Brooklyn,  New  York 

April 

1,  1897 

City. 

.Sanderson  and  Porter,  31  Nassau 

Nov. 

6,  1896 

St.,  Manhattan,  New  York  City  . 
. Chief  Engineer,  Brooklyn  Heights 
R.  R.  Co.,  168  Montague  St., 

Nov. 

6,  1896 

Brooklyn,  New  York  City 

Mechanical  Engineer,  67  First  PI. , 

Nov. 

6,  1896 

Brooklvn,  New  York  City 

April 

1,  1897 
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LIST  OF  MEMBERS. 


Name.  Address. 

Braine,  Lawrence  F General  Manager,  Continnons 

Rail  Joint  Co.,  912  Prudential 

Building,  Newark,  N.  J 

Broadhurst,  Wm.  H Chemist,  Dept,  of  Highways, 

Brooklyn,  New  York  City 

Brower,  David Assistant  Engineer,  Dept,  of 

Sewers,  Brooklyn,  New  York 

City 

Brown,  Robert  P Assistant  Chief  Engineer,  Brook- 

lyn Heights  R.  R.  Co.,  168  Mon- 
tague St.,  Brooklyn,  New  York 

City 

Bruorton,  William  T Assistant  Engineer,  Dept,  of 

Sewers,  Brooklyn,  New  York 

City 

Burke,  Edmund  J Assistant  Superintendent,  Motor 

Dept.  Brooklyn  Heights  R.  R. 
Co.,  168  Montague  St.,  Brook- 
lyn, New  York  City 

Butler,  Noble  C.,  Jr Mechanical  Engineer,  'Worthing- 

ton Hydraulic  Works,  P.  O.  Box 
14,  Brooklyn,  New  York  City. . . 

Byrne,  Harry Electrical  Inspector,  Dept.  Public 

Buildings,  Lighting  and  Sup- 
plies, Municipal  Building, 

Brooklyn,  New  York  City 

Caldwell,  Andrew  J General  Manager,  Worthington 

Hydraulic  Works,  Brooklyn, 

New  York  City 

Carpenter,  Frederick W.  ..  .Assistant  Engineer,  Dept.  High- 
ways, Municipal  Building, 

Brooklyn,  New  York  City 

Carver,  D.  Frederick Assistant  Engineer,  Track  Dept., 

Brooklyn  Heights  R.  R.  Co., 
163  Montague  St.,  Brooklyn, 

New  York  City 

Cattell,  William  A Civil  Engineer,  192  Broadway, 

New  York  City 

Chase,  Richard D 15  Monroe  PL,  Brooklyn,  New 

York  City.  With  Allen  Hazen, 
Consulting  Engineer,  220  Broad- 
way, New  York  City 

Engineer,  Dept.  of  Finance, 
Brooklyn,.  New  York  City 


Date  of  Election. 

Jan.  12,  1899 
March  4,  1897 

Nov.  6,  1896 
May  6,  1897 

. I 

Oct.  9,  1896 

Oct.  9,  1896 
Jan.  11,  1900 

Feb.  9,  1899 
Oct.  9,  1896  ■ 
Oct.  12,  1899 

Nov.  6,  1896 
June  24,  1897 


Jan. 

7, 

1897 

Jan. 

7, 

1897 

Clayton,  Bertram  T. . . 


LIST  OF  MEMBERS. 
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Name.  Address. 

Clift,  Charles  YV Chief  Engineer,  Mount  Prospect 

Pumping  Station,  353  Park  PL, 

Brooklyn,  New  York  City 

Colby,  Safford  K Pittsburgh  Reduction  Co.,  26 

Cortlandt  St.,  Manhattan,  New 

York  City 

Conklin,  Leander  H Superintendent  Electrical  Depart- 


ment, Flatbush  Gas  Co.,  273 
Clarkson  St.,  Brooklyn,  New 

York  City 

Conlon,  Frank  J .Architect,  33  Rochester  Ave., 

Brooklyn,  New  York  City 

Conn,  Frank  W Superintendent  New  York  and  New 

Jersey  Telephone  Co.,  81  Wil- 
loughby St.,  Brooklyn,  New 

York  City 

Coyell,  Henry  N Superintendent,  Lidger wood  Mfg. 

Co. , Brooklyn,  New  York  City . 

Cowperthwait,  Allan Chief  Draughtsman,  A.  B.  See 

Mfg.  Co.,  116  Front  St.,  Brook- 
lyn, New  York  City 

Craven,  Macdonough Sanitary  Engineer,  Syndicate 

Bldg.,  New  York  City 

Crowell,  Robert  R ..  .1003  Dean  St.,  Brooklyn,  New 

York  City 

Cudworth,  Frank  G Naughton  & Co.,  Genl.  Con- 

tractors, 128  W.  42 d St.,  Man- 
hattan, New  York  City 

Curnow,  George  T.  ...... . .Dept,  of  Assessment,  Brooklyn, 

New  York  City 

Drake,  Frederick  A Dept,  of  Highways,  Brooklyn, 

New  York  City 

Drew,  John  A ...  Engineer  and  Sales  Manager, 

Worthington  Hydraulic  Works, 
86 Liberty  St.,  Manhattan,  New 

York  City 

Drewett,  William  A Superintendent,  Davidson  Steam- 

Pump  Works,  Brooklyn,  New 

York  City 

Duryea,  Edwin,  Jr 160  Cumberland  St..,  Brooklyn, 

New  York  City 

Dwyer,  John  H Assistant  Engineer,  Brooklyn 

Heights  R.  R.  Co.,  168  Montague 
St.,  Brooklyn,  New  York  City . . 


Date  of  Election. 

May  6,  1897 
Jan.  7,  1897 

April  13,  1899 
Oct.  9,  1896 

April  13,  1899 
Feb.  4,  1897 

Nov.  9,  1899 
Jan.  7,  1897 
April  14,  1898 

Feb.  4,  1897 
April  1,  1897 


Oct. 

9, 

1896 

Feb. 

4, 

1897 

Feb. 

4, 

1897 

Oct. 

13, 

1898 

Nov. 

6, 

1896 
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LIST  OF  MEMBERS. 


Name. 

Address. 

Date  of  Election. 

Edwards,  Sidney 

. .Instructor  Manual  Training  Higli 
School,  Brooklyn,  New  York 
City 

May 

11,  1899 

Evans,  Frank  L 

. .Electrical  Dept.  H.  W.  Johns 
Mfg.  Co.,  39th  St.,  Brooklyn, 
New  York  City 

Oct. 

12,  1899 

Ford,  William  G 

. . Civil  and  Hydrographic  Engineer, 
191  Montague  St.,  Brooklyn, 
New  York  City 

Oct. 

9,  1896 

Fort,  Edwin  J 

. .Assistant  Engineer,  Dept,  of 
Highways,  Brooklyn,  New  York 

City 

Nov. 

6,  1896 

Flinn,  Thomas  C 

..Superintendent,  Kennedy  Valve 
Mfg.  Co.,  57  Beekman  St.,  New 
York  City 

Jan. 

7,  1897 

French,  Alfred  W 

. .Assistant  Sujierintendent  National 
Lead  Co.,  Atlantic  Branch, 
Brooklyn,  New  York  City 

April 

13,  1899 

Fuller,  George  A 

. . Kings  Co.  Elec.  Light  and  Power 
Co.,  187  Montague  St.,  Brook- 
lyn, New  York  City 

Oct. 

13,  1898 

Gerhard,  William  Paul.  . 

. .Consulting  Engineer  for  Sanitary 
Works,  36  Union  Sq. , Manhat- 
tan,  New  York  City 

June 

24,  1897 

Goodell,  John  M 

. . Chief  Editor,  4 ‘ The  Engineering 
Record,”  100  William  St.,  Man- 
hattan, New  York  City 

Feb. 

9,  1899 

Granger,  Abbott  D 

. . Contracting  Engineer,  Burhorn 
and  Granger,  95-97  Liberty  St., 
Manhattan,  New  York  City 

Feb. 

4,  1897 

Griffin,  Arthur  J 

. .45  Lefferts  Place,  Brooklyn,  New 
York  City 

Nov. 

6,  1896 

Griffin,  Thomas  S 

. .Dept,  of  Docks,  Brooklyn,  New 
York  City 

Nov. 

6,  1896 

Griffith,  Vincent  C . . . . *. . 

. .Architect,  96  Fifth  Ave. , Manhat- 
tan,  New  York  City 

Jan. 

7,  1897 

Griffith,  Walter  R 

. . . Architect,  Dept,  of  Buildings, 
Lighting  and  Supplies,  Brook- 
lyn,  New  York  City 

Nov. 

6,  1896 

Hammond,  George  T 

. . . 156  Berkeley  Place,  Brooklyn, 
New  York  City 

Oct. 

9,  1896 

Hammond,  John  F 

...Assistant  Engineer,  Dept.  of 
Sewers,  Brooklyn,  New  York 
City. - • 

Jan, 

7,  1897 

LIST  OF  MEMBERS. 
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Name.  Address. 

Hancock,  Frederick  W First  Assistant  Engineer,  Ridge- 

wood  Pumping  Station,  Brook- 
lyn, New  York  City 

Havill,  Harold  H Engineer,  26th  Ward  Sewage  Puri- 

fication Works,  No.  67  Miller 
Ave. , Brooklyn,  New  York  City. 

Hayes,  Harry  Edgar Electrical  Engineer,  American 

Tel.  and  Tel.  Co.,  15  Dey  St., 
Manhattan,  New  York  City. . . . 

Hodgson,  Joseph  E Eastchester  Electric  Co.,  Mt. 

Vernon,  N.  Y 

Ives,  Arthur  Stanley Civil  Engineer,  33  Sidney  PL, 

Brooklyn,  New  York  City 

Jackson,  Daniel  D Chemist,  Dept.  Water  Supply, 

Brooklyn,  New  York  City,  96 
Prospect  PL,  Brooklyn,  New 

York  City 

Jacobsen,  Peter  C Inspector,  Driven  Wells,  Dept,  of 

Water  Supply,  Brooklyn,  New 

York  City 

Kennedy,  Daniel President  and  General  Manager, 

Kennedy  Valve  Mfg.  Co.,  57 
Beekman  St.,  Manhattan,  New 

York  City 

Kirby,  I.  Henry Dept.  Water  Supply,  Ridgewood 

Engine  House,  Atlantic  Ave. 
and  Logan  St.,  Brooklyn,  New 

York  City 

Landis,  Henry  K Associate  Editor,  “ Progressive 

Age,”  280  Broadway,  Manhat- 
tan, New  York  City 

Langlotz,  Charles .Chief  Engineer,  Lowell M.  Palmer 

and  Brooklyn  Cooperage  Cos., 
North  7th  St.  and  Kent  Ave., 

Brooklyn,  New  York  City 

Langthorn,  Jacob  S Asst.  Engineer,  Dept,  of  Bridges, 

179  Washington  St.,  Brooklyn, 

New  York  City 

Legare,  Bailie  Peyton Room  516,  71  B’dway,  Manhattan 

New  York  City 

Lewis,  Nelson  P. Engineer,  Dept,  of  Highways, 

Brooklyn,  New  York  City 

Locke,  J.  Calvin , . Dept,  of  Health,  40  Clinton  St., 

Brooklyn,  New  York  City 


Date  of  Election. 

Feb.  4,  1897 

June  24,  1897 

May  6,  1897 
Oct.  13,  1898 
Nov.  6,  1896 

Oct.  13,  1898 
Nov.  4,  1897 

May  6,  1897 

Oct.  12,  1899 
Jan.  12,  1899 

April  1,  1897 

Oct.  9,  1896 
April  14,  1898 
June  24,  1897 
Nov.  6,  1896 
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LIST  OF  MEMBERS. 


Name. 

Address. 

Date  of  Election. 

Maltby,  Edward  L 

Worthington  Hydraulic  Works, 
Brooklyn,  New  York  City 

Oct. 

9,  1896 

Martin,  Charles  B 

. . .Electrical  Engineer,  N.  Y.  and  B. 
Bridge,  179  Washington  St., 
Brooklyn,  New  York  City 

May 

6,  1897 

Martin,  Kingsley  L 

. . , Assistant  Engineer,  New  East 
River  Bridge,  Brooklyn,  New 
York  City 

Jan. 

7,  1897 

McCarthy,  James  G 

...Electrical  Engineer,  261  Bain- 
bridge  St.,  Brooklyn,  New  York 
City 

April 

13,  1899 

Meem,  James  Cowan 

. . . Assistant  Engineer,  Dept,  of 
Sewers,  Brooklyn,  New  York 
City 

Oct. 

9,  1896 

Meserole,  Walter  M . . . . 

. . .Civil  Engineer  and  Surveyor,  191 
Montague  St.,  Brooklyn,  New 
York  City 

Oct. 

9,  1896 

Milne,  Peter 

. . .Civil  and  Hydraulic  Engineer,  14 
John  St.,  Manhattan,  New  York 
City 

Nov. 

6,  1896 

Middleton,  John 

. . .Civil  Engineer  and  City  Surveyor, 
2789  Atlantic  Ave.,  Brooklyn, 
New  York  City 

Jan. 

7,  1897 

Murphy,  Alexander  D . . 

.Assistant  Engineer  to  Samuel  H. 
McElroy,  26  Cou*rt  St.,  Brook- 
lyn,  New  York  City 

Oct. 

12,  1899 

Myers,  John  H.,  Jr 

. . . . Assistant  Engineer,  Dept,  of 
Water  Supply,  Brooklyn,  New 
York  City 

June 

24,  1897 

Nowaczek,  Frank  0 

. . .Dept,  of  Assessment,  Brooklyn, 
New  York  City 

Nov. 

6,  1896 

Oakes,  Frank  J 

. . .Mechanical  Engineer,  with  Henry 
R.  Worthington,  P.  0.  Box  14, 
Brooklyn,  New  York  City 

May 

6,  1897 

Packe,  Edward  H ......  . 

. . .Engineer,  M.  W.  Track  Dept., 
Brooklyn  Heights  R.  R.  Co.,  168 
Montague  St.,  Brooklyn,  New 
York  City 

Jan. 

7,  1897 

Park,  James  H 

. .Engineer,  Brooklyn  Dept.  San- 
born-Perris  Map  Co.,  164  Mon- 
tague St.,  Brooklyn,  New  York 
City 

June 

24,  1897 

Perry,  Arthur  Irving  . . 

. . . .Assistant  Engineer,  Dept,  of  High- 
ways,  Brooklyn,  New  York  City . 

Nov, 

6,  1896 

LIST  OF  MEMBERS. 
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Name. 

Address. 

Date  of  Election. 

Perry,  Francis  W 

.Dept.  Highways,  Municipal  Build- 
ing,  Brooklyn,  New  York  City. . 

Oct. 

12, 

1899 

Pickett,  John  A 

.Engineer,  Alcatraz  Co.,  3 West 
29th  St.,  Manhattan,  New  York 
City  

Oct. 

7, 

1897 

Pollock,  Clarence  D 

• Assistant  Engineer,  Dept,  of  High- 
ways,  Brooklyn,  New  York  City. 

Oct. 

9, 

1896 

Provost,  Andrew  J.,  Jr 

.Assistant  Engineer,  Dept,  of  Fi- 
nance,  54  Stewart  Bid.,  Man- 
hattan, New  York  City 

Oct. 

9, 

1896 

Rice,  Calvin  W 

. Electrical  Engineer,  55  Duane  St. , 
Manhattan,  New  York  City 

April 

14, 

1898 

Roach,  William  E 

.Assistant Engineer,  Dept.  Finance, 
54  Stewart  Building,  Manhattan, 
New  York  City 

Jan. 

11, 

1900 

Roberts,  Winfred  H 

.Inspector,  Dept.  Finance,  54 
Stewart  Building,  Manhattan, 
New  York  City 

April 

13, 

1899 

Roe,  Joseph  W 

. Worthington  Hydraulic  Works,  P. 
O.  Box  14,  Brooklyn,  New  York 
City 

Oct. 

13, 

1898 

Rowell,  George  F 

.Editorial  Staff,  4 ‘The  Engineering 
Record,”  100  William  St.,  Man- 
hattan, New  York  City 

Nov. 

6, 

1896 

Schermerhorn,  Richard,  Jr. 

.C.  W.  Hunt  Co.,  West  New 
Brighton,  Richmond,  New  York 
City 

Jan. 

12, 

1899 

Schmitz,  Frank  C 

.Continuous  Rail  Joint  Co.,  912 
Prudential  Bid.,  Newark,  N.  J. 

Jan. 

11, 

1900 

Seaman,  Henry  B 

.Consulting  Engineer,  40  Wall  St., 
Manhattan,  New  York  City .... 

Jan. 

6, 

1898 

Shaler,  Edgar  C 

.Chief  Draughtsman,  Brooklyn 
Heights  R.  R.  Co.  ,168  Montague 
St.,  Brooklyn,  New  York  City. 

April 

14, 

1898 

SlLLMAN,  WILLIAM 

.Chief  Engineer,  H.  W.  Johns  Mfg. 
Co.,  39th  St.,  Brooklyn,  New 
York  City 

Jan. 

11, 

1900 

Slaney,  Henry  C 

.Brooklyn  Union  Gas  Co.,  Kent 
and  Washington  Aves.,  Brook- 
lyn, New  York  City 

May 

12, 

1898 

Southard,  George  C 

. Civil  Engineer,  Lehigh  Gap,  Pa. . 

Jan. 

7, 

1897 

Strachan,  Joseph 

.Assistant  Engineer,  Dept,  of 
Water  Supply,  Brooklyn,  New 
York  City 

Oct. 

9, 

1896 
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Strachan,  Robert  C 

Engineer  in  Charge,  Willis  Ave. 
Bridge,  Manhattan,  373  Tomp- 
kins Ave. , Brooklyn,  New  York 

City  

Jan.  12,  1899 

Sullivan,  Edward 

...Electrical  Inspector,  Dept. 
Public  Buildings,  Lighting  and 
Supplies,  Municipal  Bid. , Brook- 

Feb.  9,  1899 

lyn,  New  York  City 

Swain,  Henry  S 

.878  Driggs  Ave.,  Brooklyn,  New 

June  24,  1897 

York  City 

Swezey,  Edwin  C 

.Civil  Engineer  and  City  Surveyor, 
Third  Ave.  and  39th  St.,  Brook- 

lyn,  New  York  City 

Nov.  6,  1896 

Tillson,  George  W 

, .Assistant  Engineer,  Dept,  of  High- 

Oct.  9,  1896 

ways,  Brooklyn,  New  York  City . 

Tooker,  Frank  W 

Assistant  to  Chas.  W.  Leavitt, 
Jr. , 15  Cortlandt  St. , Manhattan, 

New  York  City 

Oct.  12,  1899 

Torrance,  Kenneth • • 

. . Chief  Engineer,  Ridgewood 

Pumping  Station,  Brooklyh, 

Nov.  6,  1896 

New  York  City 

Trout,  Charles  E 

Pier  A,  North  River,  Manhattan, 

Oct.  12,  1899 

New  York  City 

Tuttle,  Arthur  S 

. . Assistant  Engineer,  Dept,  of 
Water  Supply,  Brooklyn,  New 

York  City • • 

Oct.  9,  1896 

Tuttle,  Willard  S 

Superintendent,  Tuttle  and  Bailey 
Mfg.  Co.,  83  North  10th  St., 

Brooklyn,  New  York  City 

May  6,  1897 

Tyler,  Walter  L 

.A.  B.  See  Mfg.  Co.,  116  Front  St., 

Jan.  11,  1900 

Brooklyn,  New  York  City 

Upright,  James  B 

Superintendent,  American  Mfg. 
Co.,  Noble  St.  and  East  River, 

Brooklyn,  New  York  City 

April  1,  1897 

Vail,  Frederic  N 

Superintendent,  Alcatraz  Asphalt 

Co. , 3 West  29th  St. , Manhattan, 

New  York  City 

Jan.  7,  1897 

Van  Buskirk,  Clarence  R. 

. . Assistant  Engineer,  Dept.  of 
Highways,  Brooklyn,  New  York 

Jan.  7,  1897 

*Van  der  Veer,  John  H. . 

Superintendent,  Shops,  Brooklyn, 
Heights  R.  R.  Co. , 168  Montague 

Nov.  6,  1896 

St.,  Brooklyn,  New  York  City . . 

Died  December  2, 


LIST  OF  MEMBERS. 


23 


Name.  Address. 

Wagner,  Bernard  M Assistant  Engineer,  Dept,  of 

Water  Supply,  Brooklyn,  New 

York  City 

Walker,  Frederick  W Westingkouse,  Church,  Kerr  & 

Co.,  26  Cortlandt  St.,  Manhat- 
tan, Newr  York  City.-*. 

Waterman,  Marcus  B Assistant  Electrician,  Am.  Tel. 

and  Elec.  Subway  Co.,  55 
Duane  St.  , Manhattan,  New  York 

City 

Wheeler,  Ealph  N Assistant  Engineer,  Dept,  of 

Water  Supply,  Brooklyn,  New 

York  City 

Whipple,  George  C Biologist  and  Director  of  Mt. 

Prospect  Laboratory,  Dept,  of 
Water  Supply,  Brooklyn,  Flat- 
bush  Ave.  and  Eastern  Park- 
way, Brooklyn,  New  York  City. 

White,  E.  Sherman .Engineer,  Dept,  of  Buildings, 

Lighting  and  Supplies,  Brook- 
lyn, New  York  City 

Wilkins,  I.  Chester  G Whitehall,  N.  Y 

Williams,  Chauncey  G Assistant  Engineer,  New  East 

Biver  Bridge,  84  Broadway, 

Brooklyn,  New  York  City 

Williams,  Richard  L Civil  Engineer  and  City  Surveyor, 

204  Montague  St.,  Brooklyn, 

New  York  City 

Wills,  J.  Lainson Chemist,  National  Brewing 

Academy  and  Chemical  Indus- 
try, 39  South  William  St.,  Man- 
hattan, New  York  City 

Winslow,  George  E Assistant  Engineer,  Dept,  of 

Sewers,  Brooklyn,  New  York 

City 

Wood,  Noble  W Hydraulic  Works,  P.  O.  Box  14, 

Brooklyn,  New  York  City 

Woodward,  Frederick  S. ..  .Assistant  Superintendent,  Over- 
head Construction,  Edison 
Electric  Illuminating  Co.,  360 
Pearl  St.,  Brooklyn,  New  York 

City 

Wreaks,  Hugh  T Electrical  Engineer,  91  Clinton 

St.,  Brooklyn,  New  York  City. . 


Date  of  Election. 

Oct.  9,  1896 
May  6,  1897 

Jan.  11,  1900 
Jan.  12,  1899 

Oct.  13,  1898 

Nov.  6,  1896 
Jan.  7,  1897 

Oct.  13,  1898 

Nov.  6,  1896 

Jan.  6,  1898 

Nov.  6,  1896 
May  6,  1897 

June  24,  1897 
Apr.  14,  1898 
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Nrih6  Address. 

* Wundram,  George  W Architect  and  Engineer,  Dept,  of 

Water  Supply,  Brooklyn,  New 

York  City 

Wynkoop,  Hubert  S Electrical  Engineer,  Dept,  of 

Buildings,  Lighting  and  Sup- 
plies, Brooklyn,  New  York  City. 


ASSOCIATE  MEMBERS. 

Baillie,  Eluis  H Secretary,  Wilson  & Baillie  Mfg. 

Co.,  85  Ninth  St.,  Brooklyn, 

New  York  City,  N.  Y 

Bates,  Frank  C Assistant  Engineer,  Dept,  of 

Sewers,  Brooklyn,  New  York 

City  . . . - 

Caldwell,  John  R Worthington  Hydraulic  Works, 

P.  O.  Box  14,  Brooklyn,  New 

York  City 

Coester,  Emil Draughtsman,  Dept,  of  Sewers, 

Brooklyn,  New  York  City 

Cranford,  Frederick  L Cranford  & Co.,  215  Montague 

St.,  Brooklyn,  New  York  City. . 

Cranford,  Walter  V Cranford  & Co.,  215  Montague 

St.,  Brooklyn,  New  York  City 

Cregin,  Charles  A Contractor,  40  Court  St.,  Brook- 
lyn, New  York  City 

Crosby,  Eugene Dept,  of  Assessment,  Brooklyn, 

New.  York  City 

Demarest,  Henry  S International  Steam  Pump  Co., 

26  B’way,  New  York  City 

Driggs,  Clifford  V Superintendent,  Street  Construe- 

tion,  etc.,  Edison  Elec.  111.  Co., 
860  Pearl  St.,  Brooklyn,  New 

York  City 

Florandin,  Charles  H C.  and  C.  Electric  Co. , 143  Liberty 

St.,  Manhattan,  New  York  City. 

Gellatly,  Edward  S Patterson-Sargent  Co.,  42  Hud- 

son St.,  Manhattan,  New  York 

City 

Grinden,  William  J Secretary,  J.  H.  Vttlliams  & Co., 

Richards  and  Bowne  Sts., 
Brooklyn,  New  York  City . . 


Date  of  Election. 

Jan.  7,  1897 
Feb.  4,  1897 

June  24,  1897 

June  24,  1897 

Oct.  12,  1899 
Jan.  7,  1897 
Apr.  14,  1898 
Apr.  14,  1898 
June  24,  1897 
June  24,  1897 
June  24,  1897 

March  9,  1899 
Jan.  12,  1899 

June  24,  1897 


* Died  November  9, 1899. 
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Name.  Address. 

Hann,  John General  Contractor,  189  Mon- 

tague St.,  Brooklyn,  New  York 

City 

Hastings,  Charles  L Patterson-Sargent  Co. , Boston, 

Mass 

Kearns,  William  F Dept.  Highways,  Municipal 

Building,  Brooklyn,  New  York 

City 

Kelly,  John  A 62  Beard  St.,  Brooklyn,  New 

York  City 

Koller,  Winfield  R Worthington  Hydraulic  Works, 

Brooklyn,  New  York  City ...... 

Magrath,  James  W Assistant  Engineer,  Dept,  of 

Sewers,  Brooklyn,  New  York 

City 

Market,  William  A Leveler,  Dept,  of  Sewers,  Brook- 
lyn, New  York  City 

Southworth,  Frank  G Traffic  Chief,  N.  Yr.  & N.  J.  Tel. 

Co.,  81  Willoughby  St.,  Brook- 
lyn, New  York  City 

Squires,  William  H With  Wm.  Jessop  & Sons, 

Limited,  94  Clinton  Aye., 

Brooklyn,  New  York  City 

Thomas,  Thomas  H President,  Eastern  Bermudez 

Asphalt  Paving  Co.,  11  Broad- 
way, Manhattan,  New  York 

City 

Tice,  George,  Jr Draughtsman,  Dept,  of  Buildings, 

Lighting  and  Supplies,  Brook- 
lyn, New  York  City 

Weiderman,  George Electrical  Engineer,  309  Flatbush 

Ave. , Brooklyn,  New  York  City. 


NON-RESIDENT  MEMBERS. 

Barron,  Frederick  A General  Electric  Co. , Schenec- 
tady, N.  Y 

Crane,  Albert  S Asst.  Chief  Engineer,  Am.  Lake 

Superior  Power  Co.,  Sault  Ste. 

Marie,  Mich 

Darbec,  William .Local  Manager,  Connecticut 

Lighting  and  Power  Co.,  South 
Norwalk,  Conn 


Date  of  Election. 

Oct.  12,  1899 
May  6,  1897 

Jan.  11,  1900 
March  4,  1897 
April  1,  1897 

June  24,  1897 
June  24,  1897 

Jan.  6,  1898 

April  14,  1898 

Jan.  12,  1899 

Jan.  7,  1897 
Nov.  9,  1899 

March  4,  1897 
Oct.  9,  1896 
Jan.  6,  1898 
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Foster,  Ernest  H 153  Queen  Victoria  St.,  London, 

Eng 

Locke,  William  W Metropolitan  Water  Board,  South 

Framingham,  Mass 

Pierce,  Frederick  E ...New  Jersey  Zinc  Co.,  Passaic 

Ave.,  Newark,  N.  J 

Tenney,  Willis  B Asst.  Engineer,  Dept,  of  Havana, 

Tacon  3,  Havana,  Cuba 


Date  of  Election. 

Jan. 

7,  1897 

Jan. 

7,  1897 

Oct. 

9,  1896 

Jan. 

7,  1897 

PROCEEDINGS  OF  THE  ANNUAL  MEETING 


HELD  AT 


THE  ARGYLE,  DECEMBER  14th,  1899. 


President  Walter  M.  Meserole  called  the  meeting  to  order  at  9 p.  m. 
The  reading  of  the  minntes  of  the  last  meeting,  November  9th,  was  dis- 
pensed with.  The  Secretary  reported  the  announcement  by  the 
President  of  the  appointment  of  a Publication  Committee  as  follows: 
Joseph  W.  Roe,  George  F.  Rowell,  C.  D.  Pollock,  F.  J.  Conlon  and 
W.  M.  Meserole.  Said  Committee  to  have  charge  of  the  publication 
of  the  Club  for  the  present  year. 

The  Secretary  transmitted  a resolution  of  the  Board  of  Directors 
recommending  the  reinstatement  of  H.  S.  Swain  to  full  corporate 
membership,  which  action  was  adopted. 

The  Secretary  reported  the  loss  by  death  since  the  last  meeting  of 
two  corporate  members,  George  W.  Wundram  and  John  H.  Van  der 
Veer.  Upon  motion  the  President  was  asked  to  appoint  committees 
to  draft  resolutions  recognizing  the  great  loss  which  the  Club  has  sus- 
tained through  the  deaths  of  George  W.  Wundram  and  of  John  H. 
Van  der  Veer.  The  President  appointed  Messrs.  Joseph  Strachan  and 
R.  L.  Williams  to  draft  resolutions  on  the  death  of  Mr.  Wundram; 
Messrs.  Carver  and  Bruorton  on  the  death  of  Mr.  Van  der  Veer. 
These  committees  reported  later  the  following  resolutions: 

By  Mr.  Strachan : 

Whereas,  The  Brooklyn  Engineers’  Club  has,  by  the  death  on  No- 
vember 9th  of  George  W.  Wundram,  lost  a valued  member;  therefore, 
be  it 

Resolved,  That  the  Club  on  this,  the  occasion  of  its  Annual  Meeting, 
expresses  its  appreciation  of  the  loss  it  has  sustained,  and  of  its 
sympathy  with  the  family  of  our  deceased  member;  and  be  it  further 

Resolved,  That  these  resolutions  be  spread  upon  the  minutes  of  the 
Club,  and  that  a copy  of  the  same  be  sent  to  the  family  of  the 
deceased. 

Which  was  unanimously  adopted. 
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By  Mr.  Carver: 

Whereas , It  has  pleased  Almighty  God  in  his  inscrutable  wisdom 
to  remove  from  amongst  us  John  H.  Yan  der  Yeer,  our  loved  companion 
and  associate,  and 

Whereas,  We  of  this  Club,  who  knew  him  to  be  well  worthy  of  our 
high  esteem  and  deep  respect,  desire  to  express  our  appreciation  of 
the  great  loss  which  we  have  sustained,  and  to  offer  to  those  who  wrere 
his  best  beloved  our  sincere  condolence;  therefore  be  it 

Resolved,  That  this  memorial  be  spread  upon  the  minutes  of  the 
Club,  and  that  a copy  of  the  same  be  sent  to  the  family  of  the 
deceased. 

Which  was  unanimously  adopted. 

The  Secretary  then  presented  the  annual  report  of  the  Board  of 
Directors. 

Brooklyn,  N.  Y.,  December  12th,  1899. 

Brooklyn  Engineers’  Club. 

Gentlemen, — The  Board  of  Directors  presents  herewith  its  annual 
report. 

The  past  year,  being  the  third  of  the  Club’s  corporate  existence, 
has  been  one  of  substantial  progress  along  lines  heretofore  success- 
fully established.  The  work  done,  which  is  constantly  increasing,  has 
been  performed  in  a manner  highly  pleasing  to  your  Board,  and  should 
meet  the  approval  wThich  it  justifies. 

Thirty-five  meetings  of  various  natures  have  been  held  during  the 
year.  The  opportunities  offered  for  professional  and  social  inter- 
course are,  it  is  believed,  second  to  those  of  no  other  similar  organiza- 
tion in  the  country.  These  have  been  made  use  of,  as  shown  by  the 
attendance,  to  a degree  highly  satisfactory.  The  co-operative  spirit 
shown  by  the  members  on  all  matters  argues  wrell  for  the  future  of  the 
Club  and  the  successful  adjustment  of  matters  involving  a community 
of  interest. 

The  only  radical  departure  from  the  lines  laid  down  by  the  original 
committee  in  its  preparation  of  the  Constitution  has  been  an  amend- 
ment adopted  during  the  past  year  which  created  a non-resident 
grade  of  membership.  In  creating  this  grade,  the  geographical  limits 
of  the  Club’s  active  membership  were  extended  so  as  to  include  all  of 
the  territory  covered  by  the  present  City  of  New  York.  Members  now 
residing  and  doing  business  beyond  those  limits  are  classed  in  the 
non-resident  grade.  This  action  has  extended  the  usefulness  of  the 
Club  and  continued  the  interest  of  former  active  members  who  have 
removed  beyond  the  limits  of  its  work. 

Committee  Work.— The  Board  points  with  pride  to  the  second  volume 
of  the  Club's  proceedings,  which  appeared  during  the  year,  from  the 
hands  of  the  Publication  Committee.  The  publication  was  eminently 
successful  as  a contribution  to  technical  literature,  and  from  a financial 
standpoint.  Too  much  credit  cannot  be  given  to  the  Committee  for 


Indicator  from  The  Viscaya. 


SPANISH  WAR  RELIC. 

At  the  meeting  of  January  12th,  1899,  formal  presentation  was  made  to  the  Club  by  Mr. 
W.  A.  Drewett,  M.  B.  E.  C.,  of  a steam  indicator  taken  from  the  engines  of  the  Spanish 
armored  cruiser  Viscaya  shortly  after  her  destruction  by  the  United  States  Navy  at  Santiago, 
Cuba,  on  July  3,  1898. 

The  relic  has  been  mounted  and  is  displayed  in  the  Library  of  the  Club  in  a manner 
intended  to  show  its  full  interest  and  value.  A cut  of  the  indicator  is  herewith  published 
accompanied  by  a facsimile  of  the  letter  of  gift  to  Mr.  Drewett  from  Mr.  C.  R.  Roelker, 
Chief  Engineer,  U.  S.  N.,  explaining  the  authenticity  of  the  relic  and  the  manner  in  which  it 
came  into  his  possession. 
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its  work  in  editing  the  various  papers,  for  the  character  of  the  volume 
and  for  the  painstaking  manner  in  which,  through  its  report,  the  Com- 
mittee has  made  avanaoie  for  future  committees  the  results  of  its 
experience  with  various  details  of  the  work. 

The  Library  Committee  has  continued  successfully  throughout  the 
year,  the  management  of  the  library  and  the  presentation  of  informal 
Thursday  night  discussions,  along  the  lines  developed  by  previous 
committees.  The  amount  of  work  performed  by  the  Committee  has 
entailed  large  personal  sacrifices  on  the  part  of  its  members.  Appre- 
ciation of  the  services  rendered  may  be  gracefully  shown  in  an  in- 
creased use  of  the  library  which  is  now  rendered  more  accessible  and 
generally  useful  through  the  card  index  recently  installed  by  the 
Committee. 

The  Entertainment  Committee  has  furnished  the  papers  read  be- 
fore the  regular  meetings,  and  generally  conducted  all  the  arrange- 
ments for  these  meetings,  as  well  as  for  the  June  dinner  to  the  ladies, 
at  the  Clarendon  Inn,  which  was  very  successfully  repeated.  The 
detailed  report  of  this  Committee  is  referred  to  your  considerate 
attention. 

Under  the  auspices  of  the  Excursion  Committee,  a number  of 
excursions,  both  local  and  out  of  town,  have  been  arranged  and  carried 
out  during  the  past  year.  These  have  been  well  attended,  and  may  be 
considered  a strong  factor  in  the  work  which  the  Club  is  doing. 
Proper  acknowledgment  is  made  in  the  report  of  this  Committee  to 
individuals,  organizations  and  corporations  for  courtesies  rendered  in 
connection  with  these  trips. 

The  Membership  Committee  has  investigated  promptly  and  with 
good  judgment  the  qualifications  of  applicants  for  membership  referred 
to  them.  The  report  of  this  Committee  and  the  recommendations 
contained  therein,  are  referred  to  your  attention. 

It  is  with  deep  regret  that  the  Board  reports  the  loss  by  death  of 
two  Corporate  members,  George  W.  Wundram  on  November  9th,  and 
John  H.  Yan  der  Veer  on  December  2d.  Mr.  Van  der  Veer  was  a 
charter  member  of  the  Club,  and  Mr.  Wundram’s  admission  dates 
from  the  first  meeting  after  the  Club’s  incorporation.  It'  is  intended 
that  memoirs  of  these  members  appear  in  the  forthcoming  annual 
publication. 

An  interesting  event  during  the  year  was  the  formal  presentation  at 
the  January  meeting  by  which,  through  Mr.  W.  A.  Drewett,  the  Club 
became  the  recipient  of  a valuable  and  interesting  relic  of  the  Spanish 
war.  The  relic  has  been  suitably  mounted  and  inscribed  under  the 
direction  of  the  Library  Committee  and  assigned  to  a place  in  the  Club 
library. 

As  provided  by  the  Constitution,  the  Board  of  Directors  has 
audited  the  accounts  of  the  Secretary  and  Treasurer,  and  hereby 
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reports  haying  found  the  same  to  be  correct.  The  result  of  this  audit 
is  herewith  given : 

Receipts. 


From  dues  129  members,  all  classes $1  144  00 

‘ 4 initiation  fees 140  00 

“ Annual  Publication 1 061  59 

$2  345  59 

Interest  on  daily  balances 17  35 


$2  362  94 

Expenditures. 

Brooklyn  Library  on  account  contract $450  00 

Postage  and  stationery 143  54 

Janitor’s  services 24  00 

Typewriting  and  stenography 80  00 

Meetings  and  entertainments 199  61 

Publication  Committee,  expenses.  868  71 

Excursion  Committee,  expenses ....  32  30 

Secretary’s  salary 300  00 

Library  furniture 67  80 

Telephone 35  23 

$2  201  19 


Making  net  revenue  for  the  year.  ...  $161  75 

Balance  November  30th,  1898 622  49 

Balance  deposited  with  Franklin  Trust  Company  at  this 

date. . $784  24 


It  should  be  stated  that  the  sum  of  $29.00  drawn  from  the  treasury 
on  account  of  collation  charges,  under  a new  arrangement,  is  return- 
able to  the  general  fund  upon  collection.  The  balance  and  net  revenue 
for  the  year  are  therefore  in  reality  $29.00  in  excess  of  the  figures 
herein  stated. 

The  Board  desires  to  further  express  its  approval  of  the  very  ex- 
cellent work  performed  by  the  officers  and  various  committees,  and 
recommends  to  your  careful  study  their  reports  hereto  appended. 

(Signed)  Walter  M.  Meserole, 
Nelson  P.  Lewis, 

A.  J.  Provost,  Jr., 

C.  W.  Rice, 

Henry  B.  Seaman, 

Board  of  Directors, 
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The  Secretary  then  read  the  following  reports: 

Office  of  Secretary,  191  Montague  Street, 

Brooklyn,  N.  Y.,  December  5th,  1899. 

The  Board  of  Directors, 

Brooklyn  Engineers’  Club. 

Gentlemen , — The  Secretary  has  the  honor  to  submit  the  following  as 
his  annual  report: 

The  roll  of  the  Club,  at  the  date  of  the  last  annual  report  (Nov- 
ember 30th,  1898),  contained  145  names,  classified  as  follows: 


-Corporate  members 125 

Associate  members .......  19 

Honorary  member . 1 

Total 145 


There  have  been  added  during  the  past  year  by  election  22  Corporate 
members  and  6 Associate  members.  There  have  been  7 Corporate 
members  transferred  to  the  Non-resident  grade  under  the  provisions  of 
the  Constitution  as  amended  on  April  13th  last.  There  have  been  lost 
during  the  past  year  by  death,  2 Corporate  members;  by  resignation, 
5 Corporate  members  and  2 Associate  members;  dropped  from  the  rolls 
for  non-payment  of  dues,  5 Corporate  members. 

Making  the  present  total  membership: 


Corporate  members 128 

Associate  members 23 

Non-resident  members 7 

Honorary  member 1 

Total 159 


There  have  been  held  during  the  year  8 regular  meetings,  with  a 
total  attendance  of  363. 

The  receipts  of  the  Club  during  the  fiscal  year  ending  December 


14th  have  been  as  follows: 

From  dues  and  initiation  fees $1  284  00 

From  Annual  Publication 1 061  59 

$2  345  59 


These  funds  have  been  jiaid  over  to  the  Treasurer  for  deposit  to  the 
credit  of  the  Club. 

The  funds  collected  for  collation  purposes  have  constituted  a 
separate  fund  which  has  been  expended  as  directed  by  the  Entertain- 
ment Committee. 

Respectfully  submitted, 

(Signed)  A.  J.  Provost,  Jr., 

Secretary. 
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Treasurer’s  Report. 


From  December  1st,  1898,  to  December  1st,  1899. 

Brooklyn,  N.  Y.,  December  14th,  1899. 
Calvin  W.  Rice,  Treasurer,  in  account  with  Brooklyn  Engineers’ 


Club. 


Dr. 

Balance  from  December  1st,  1898 $622  49 

Received  from  the  Secretary  December  1st, 

1898,  to  December  1st,  1899 2 345  59 

Interest  accrued 17  35 

$2  985  43 


Cr. 

Payments  from  December  1st,  1898,  to 
December  1st,  1899,  on  warrants  from  the 
Secretary  and  approved  by  the  President.  $2  201  19 

Balance  to  new  account 784  24 

$2  985  43 

Balance  on  hand  December  1st,  1899 784  24 

(Signed)  Calvin  W.  Rice, 

Treasurer. 


Brooklyn,  N.  Y.,  December  5th,  1899. 

To  the  Board  of  Directors, 

Brooklyn  Engineers’  Club. 

Gentlemen,— Your  Entertainment  Committee  herewith  submits  a 
report  of  its  operations  for  the  year  ending  December  31st,  1899. 

The  meetings  have  been  held  as  during  the  latter  part  of  1898,  in 
the  rooms  of  the  Argyle,  upon  the  same  terms  as  at  that  time.  This 
continues  to  give  satisfaction  and  your  Committee  is  of  the  opinion  that 
no  better  arrangements  can  be  made  as  the  rooms  are  centrally  located 
and  equipped  with  all  conveniences  for  lantern  slide  pictures,  etc. 

During  the  year  the  following  papers  have  been  provided  by  the 
.Committee: 

Jan. : “ Notes  on  Street  Paving  Materials  and  Their  Uses,”  by 

N.  P.  Lewis. 

Feb.:  “A  Half  Century  of  Sanitation,”  by  Wm.  Paul 

Gerhard. 

March:  “ Electrolysis,  an  Unsolved  Municipal  Problem,”  by 
H.  S.  Wynkoop. 

April:  “ A General  Discussion  on  Plans  and  Specifications.” 

Opened  by  W.  Y.  Cranford  and  Edwin  Duryea,  Jr. 
May:  “ Aluminum,”  by  S.  K.  Colby. 

Oct.:  “ The  New  York  Building  Law  in  Relation  to  High 

Buildings,”  by  R.  C.  Strachan. 

Nov. : “ Recent  Developments  in  Gas  Engineering,”  by  H.  K. 

Landis. 
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The  Committee  wishes  to  call  attention  to  the  fact  that  on  account 
of  unavoidable  circumstances  at  several  meetings  it  became  necessary 
to  present  different  papers  from  those  originally  planned.  On  account 
of  the  resources  of  the  Club  the  Committee  was  able  to  do  this,  even  at 
short  notice,  without  lowering  the  standard  of  the  papers.  This,  how- 
ever, is  dangerous  and  shows  the  importance  of  always  having  at  least 
one  paper  in  advance  in  the  hands  of  the  Entertainment  Committee. 
By  so  doing,  the  labor  and  worry  of  the  Committee  will  be  very  much 
reduced. 

On  the  8th  of  June,  the  Club  gave  its  second  annual  dinner  to  the 
ladies  at  the  Clarendon  Inn  on  the  Ocean  Parkway.  This  was  attended 
by  thirty-two  ladies  and  thirty-three  gentlemen,  and  its  success  fully 
justified  the  Club  in  making  it  one  of  its  fixed,  though  informal, 
gatherings  of  the  year. 

The  balance  in  the  collation  fund  on  June  1st  was  applied  on  the 
dinner  to  the  ladies,  the  members  paying  a fixed  sum  and  the  difference 
being  made  up  by  the  Club  and  the  aforesaid  balance.  For  the  cur- 
rent year  a different  plan  has  been  adopted  in  paying  for  collations. 
The  Board  of  Directors  authorized  the  Committee  to  draw  on  the 
Treasurer  for  a fixed  amount.  At  each  meeting  the  members  at  the 
collation  sign  tickets  which  are  retained  by  the  Treasurer  and  a bill 
for  the  same  will  be  sent  each  member  in  January  and  June  of  each 
year.  This  method  seems  to  be  satisfactory  and  will  be  continued 
unless  some  future  developments  show  its  unfitness. 

Herewith  please  find  statement  of  the  fund  up  to  and  including  the 


June  meeting,  when  it  was  closed: 

Balance  on  hand  December  1st,  1898 $91  42 

Receipts  to  December  1st,  1899 173  60 

$265  02 

Expenditures $263  45 

Paid  into  Club  Treasury 157 

$265  02 


The  stereopticon  has  been  used  quite  extensively  during  the  year 
and  the  wisdom  of  its  purchase  plainly  demonstrated.  It  costs 
nothing  for  use,  as  it  is  connected  with  the  electric  fixtures  in  the  hall 
and  operated  at  meetings  by  a member  of  the  Club,  Mr.  F.  A.  Drake, 
who  deserves  the  thanks  of  the  Club  for  his  services. 

During  the  summer  an  unsuccessful  effort  was  made  to  have  papers 
in  the  hands  of  the  Committee  several  weeks  previous  to  their  presen- 
tation to  the  Society.  The  importance  of  this  has  been  referred  to 
before,  and  the  Committee  would  recommend  that  further  effort  be 
made  by  the  incoming  Committee  to  accomplish  the  same  result,  as  its 
importance  can  hardly  be  over-estimated. 

In  closing  up  its  work  of  the  last  two  years  the  Committee  wishes 
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to  express  its  obligation  to  all  members  who  have  contributed  papers, 
as  well  as  to  the  Board  of  Directors  for  their  hearty  co-operation. 

All  of  which  is  respectfully  submitted, 

(Signed)  Geo.  W.  Tillson, 

H.  S.  Demarest, 

D.  F.  Carver, 

Entertainment  Committee. 

December  7th,  1899. 

The  Board  of  Directors , 

Brooklyn  Engineers’  Club. 

Gentlemen,  — The  Library  Committee  reports  its  work  for  the  year 
ending  December  14th  to  have  been  as  follows : 

General  charge  of  rooms  and  library  secured  to  the  Club  by  renewal 
of  contract  made  with  the  Brooklyn  Library  by  your  Board  in  the 
early  part  of  the  year. 

The  cataloguing  of  the  works  in  the  library  has  made  very  substan- 
tial progress,  and  it  is  hoped  that,  by  the  time  of  reading  of  this  report, 
the  card  index,  which  is  now  in  course  of  preparation  by  the  Macey 
Company,  with  whom  a contract  has  been  made  to  typewrite  the  titles 
on  the  cards  and  suitably  class  them  for  purposes  of  cross-indexing, 
will  be  completed  and  in  the  cabinet  ready  for  use  by  the  members  of 
the  Club. 

The  system  of  entering  new  books  in  the  accession  book,  and  list- 
ing desirable  ones  for  purchase  by  the  Brooklyn  Library,  as  described 
in  the  last  annual  report  of  this  Committee,  has  been  continued. 

The  additions  to  the  library  during  the  year  have  been  as  follows: 
By  Purchase : 

Standard  Reference  Works 50  vols.,  at  a cost  of  $137  19 

Periodicals  (binding  included) . . 74  “ “ “ 269 

Total 121  “ “ “ »406  59 

By  Donation : 

Bound  volumes 53  vols. 

Pamphlets  (reports,  etc.) 120  “ and  595  numbers  of 

periodicals  incom- 
plete. 

Total  accessions 297  “ and  595  numbers  of 

periodicals  incom- 
plete. 

Total  number  of  volumes  in  library  at  this  day,  2 627  volumes. 

In  presenting  herewith  a statement  of  the  donations  received  dur- 
ing the  year,  the  Committee  desires  to  express  its  thanks  to  the  donors 

named:  . 

B.  G.  Braine,  14  vols.  and  72  numbers  incomplete  periodicals; 
F.  E.  Brandis,  13  vols,  and  477  numbers  incomplete  periodi- 
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cals;  through  Brooklyn  Library,  13  vols. ; R.  T.  Betts,  9 
vols. ; United  States  Department  of  Agriculture,  7 vols. ; 
United  States  War  Department,  United  States  Department 
of  the  Interior,  and  A.  J.  Provost,  Jr.,  6 vols.  each;  B.  F. 
Sturtevant,  5 vols.;  Wm.  Paul  Gerhard,  D.  D.  Jackson, 
Continental  Iron  Works,  3 vols.  each;  Peter  Milne,  William 
R.  Hill,  Civil  Engineers’  Association  Cornell  University, 
Brooklyn  Engineers’  Club,  Mayor,  Louisville,  Ky.,  New 
York  Railroad  Commissioners,  and  Director  United  States 
Geological  Survey,  2 vols.  each;  S.  K.  Colby,  Cleveland 
Engineers’  Club,  Ohio  State  Board  of  Health,  H.  K.  Landis, 
N.  P.  Lewis,  W.  S.  Tuttle,  A.  S.  Tuttle,  W.  E.  Belknap, 
Secretary  Kansas  City  Department  Public  Works,  W.  R. 
Tenney,  H.  B.  Seaman,  Pratt  Institute,  J.  H.  Williams 
Company,  Goheen  Manufacturing  Company,  General  Elec- 
tric Company,  Montauk  Club,  New  York  Engineers’  Club, 
Massachusetts  Gas  and  Electric  Light  Commissioners,  On- 
tario Provincial  Board  of  Health,  and  Baltimore  Sewerage 
Commission,  1 vol.  each;  F.  S.  Woodward,  46  numbers 
incomplete  periodicals;  W.  B.  Parsons,  36  maps,  Contract 
Plans  New  York  Rapid  Transit  Commission,  dated  April, 
1898. 

Files  of  periodicals  regularly  received : 

Aluminum  World. 

American  Association  for  Advancement  of  Science. 

American  Architect  and  Building  News. 

American  Institute  of  Electrical  Engineers. 

American  Institute  of  Mining  Engineers. 

American  Microscopical  Journal. 

American  Public  Health  Association  Journal. 

American  Journal  of  Science. 

American  Society  of  Civil  Engineers,  Transactions  of. 

American  Society  of  Mechanical  Engineers. 

American  Society  of  Municipal  Improvements. 

Annales  des  Ponts  et  Chaussees. 

Association  of  Engineering  Societies,  Journal  of. 

Brooklyn  Engineers’  Club,  Proceedings  of. 

Builder,  The. 

Building  News. 

Cassier’s  Magazine. 

Chemical  News. 

Electrical  Engineer. 

Electrical  World. 

Electrician,  The. 

Engineer,  The, 
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Engineering  Magazine. 

Engineering  and  Mining  Journal. 

Engineering  News. 

Engineering  Record. 

Engineering. 

Franklin  Institute,  Journal  of. 

Geological  Magazine. 

Incorporated  Association  of  Municipal  and  County  Engineers. 
Iowa  Engineering  Society,  Proceedings  of. 

Institution  of  Civil  Engineers,  Proceedings  of. 

Iron  and  Steel  Institute,  Journal  of. 

Manufacturers’  Record. 

Master  Car  Builders’  Association,  Proceedings  of. 

Microscopical  Science,  Quarterly  Journal  of. 

Municipal  Engineering. 

Municipal  and  County  Engineers,  Incorp.  Assoc,  of,  Proceedings. 
Naval  Architects  and  Marine  Engineers,  Transactions  of. 

New  England  Water-Works  Association,  Journal  of. 

New  York  Meteorological  Observations. 

New  York  State  Board  of  Health,  Bulletin  of. 

Ohio  Sanitary  Bulletin. 

Ohio  Society  of  Surveyors  and  Civil  Engineers. 

Philadelphia  Engineers’  Club,  Proceedings  of. 

Ponts  et  Chaussees,  xinnales  des. 

Popular  Astronomy. 

Progressive,  Age. 

Public  Improvements. 

Railroad  Gazette. 

Sanitary  Record. 

Science. 

Scientific  American  Supplement. 

Scientific  Literature,  Monthly  Record  of. 

Society  of  Engineers,  Transactions  of. 

Societe  des  Ingenieurs  Civils,  Memoires  de  la. 

School  of  Mines  Quarterly. 

Stevens  Indicator. 

St.  Louis  Engineers’  Club,  Proceedings  of. 

Street  Railway  Journal. 

United  States  Army,  Report  of  Chief  of  Engineers. 

United  States  Weather  Bureau,  Report  of  Chief  of. 

Water  and  Gas. 

Western  Society  of  Engineers,  Journal  of. 

Bound  Volumes  of  Periodicals , Society  Transactions,  etc. : 

American  Association  for  Advancement  of  Science,  Vols.  20-47> 
inclusive. 
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American  Architect  and  Building  News,  Yols.  11-60,  except 
Yol.  20,  1882-1898. 

American  Institute  of  Electrical  Engineers,  Yols.  12  and  13. 

American  Institute  of  Mining  Engineer®,  Yols.  1-28,  1871-98. 

American  Journal  of  Science,  Yols.  6-22,  inclusive,  except  Yols. 
7 and  16. 

American  Public  Health  Association  Journal,  Yols.  4,  7,  and 
15-24,  inclusive,  except  Yols.  22  and  23. 

American  Society  of  Civil  Engineers,  Transactions,  1895-1899. 

American  Society  of  Mechanical  Engineers,  Transactions,  Yols. 
14-19,  1893-1898. 

Annales  des  Ponts  et  Chaussees,  1895-1899,  inclusive. 

Association  of  Engineering  Societies,  Journal  of,  Yols.  15-22, 
inclusive,  except  Yol.  19. 

Brooklyn  Engineers’  Club,  Proceedings,  1897-1899. 

Builder,  The,  Yols.  18-77,  inclusive,  1860-1899. 

Building  News,  Yols.  16-77,  inclusive,  1869-1899. 

Cassier’s  Magazine,  Yols.  8-16,  inclusive,  1895-1899. 

Chemical  News,  Yols.  21-78,  inclusive,  1870-1898. 

Digest  of  Physical  Tests,  Yols.  1-3,  1896-1898. 

Electrical  Engineer,  Yols.  3-26,  inclusive,  1888-1898. 

Electrical  World,  Yols.  25-32,  inclusive,  1895-1898. 

Electrician,  The,  Yols.  39  and  40,  1897-1898. 

Engineer,  The,  Yols.  27-85,  inclusive,  1869-1899. 

Engineering,  Yols  7-66,  inclusive,  1869-1899. 

Engineering  Magazine,  Yols.  1-17,  inclusive,  1891-1899. 

Engineering  and  Mining  Journal,  1872-1898,  inclusive,  except 
1874-75  and  1892. 

Engineering  News,  1878-1899,  inclusive,  except  1883. 

Engineering  Becord,  Yols.  31-38,  inclusive,  1895-1898. 

Franklin  Institute,  Journal  of,  1828-1851,  and  1873-1898,  in- 
clusive. 

Good  Roads,  Yols.  2 and  3,  1892  and  1893. 

Institution  of  Civil  Engineers,  Proceedings,  Yols.  75-137,  in- 
clusive, except  119,  120,  and  121. 

Iron  and  Steel  Institute,  Journal  of,  Yols.  51-55,  1899. 

Master  Car-Builders’  Association,  Proceedings,  Yol.  30,  1896. 

Microscopical  Science,  Quarterly  Journal,  Yols.  20-41,  except 
Yol.  32,  1880-1898. 

Municipal  Engineering,  Yols.  4-16,  1893-1899. 

Municipal  and  County  Engineers,  Proceedings,  Yols.  22-24 
1895-1898. 

Naval  Architects  and  Marine  Engineers,  Transactions,  Yols.  1-6, 
inclusive,  1893-1898. 

New  England  Water-Works  Association,  Journal,  Yols.  10-13. 
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New  York  Meteorological  Observations,  1878, 1895-99,  inclusive. 

Philadelphia  Engineers’  Olnb,  Proceedings,  Yols.  5,  12-15. 

Physical  Tests,  Digest  of,  Yols.  1-3,  1896-1898. 

Ponts  et  Chaussees,  Annales  des,  1895-1899,  inclusive. 

Popular  Astronomy,  Yols.  1-6,  inclusive,  1893-1898. 

Railroad  Gazette,  Yol.  29,  1897. 

Sanitary  Record,  Yols.  21-24,  inclusive,  1898  and  1899. 

Science,  1884^1899,  inclusive,  except  1894. 

Society  of  Engineers,  Transactions,  1894-1898,  inclusive. 

Societe  des  Ingenieurs  Civile,  Memoires  de  la,  1895-1899. 

School  of  Mines  Quarterly,  Yols.  3,  and  11-18,  inclusive. 

Street  Railway  Journal,  Yols.  11  and  13,  1895  and  1897. 

U.  S.  Army,  Chief  of  Engineer’s  Report,  1891-1899,  inclusive. 

Yan  Nostrand’s  Eclectic  Magazine,  Yols.  1-36,  inclusive. 

Western  Society  of  Engineers,  Journal,  Yols.  1-3,  inclusive. 

Attention  is  called  to  one  of  the  tables  accompanying  this  report, 
in  which  appears  a list  of  bound  volumes  of  periodical  literature  on 
the  shelves.  Many  of  these  files  are  incomplete.  Members  are 
respectfully  urged  to  study  these  lists  and  to  do  what  they  can  toward 
making  them  complete.  All  donations  should  be  made  directly  to 
the  Club  through  the  Secretary,  for  your  Committee,  while  believing 
the  present  contract  with  the  Brooklyn  Library  advantageous  to  the 
Club  and  recommending  its  continuance,  is  deeply  convinced  that 
the  Club  should  be,  at  this  time,  accumulating  books  of  its  own.  It 
therefore  earnestly  asks  the  members  of  the  Club  to  denote  toward 
this  purpose  any  works  in  their  own  collections  that  may  be  avail- 
able. While  missing  numbers  of  the  proceedings  of  engineering 
societies  are  particularly  desired,  members  should  note  that  dupli- 
cates of  these  and  other  publications  will  be  most  acceptable,  as  they 
are  valuable  for  exchange. 

The  souvenir  of  the  Spanish  War,  donated  to  the  Club  through 
the  efforts  of  Mr.  W.  A.  Drewett,  one  of  our  members,  which  has  been 
in  the  custody  of  this  Committee,  will  be,  it  is  hoped,  very  soon  suit- 
ably cased  and  set  up  in  the  Library  room  where  all  can  fully  inspect 
it.  A contract  for  a case  in  which  to  enclose  it  was  made  during  the 
month  of  October,  1899,  with  the  Nassau  Show  Case  Company,  of  52 
Ellery  Street,  and  its  delivery  promised  on  November  20th.  A suit- 
ably framed  card  containing  a description  of  the  manner  in  which  it 
came  into  possession  of  the  Club  will  be  displayed  near  the  relic. 

The  informal  Thursday  night  discussions  at  the  Library  rooms 
have  become  an  established  feature  of  the  Club.  During  the  past 
year  they  have  been  regularly  held,  interrupted  only  by  the  holiday 
seasons,  during  which  it  has  been  thought  not  advisable  to  ask  a 
member  to  give  his  time  and  effort  to  a small  attendance.  The  average 
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number  in  attendance  during  the  year  at  these  gatherings  has  been 
about  15,  and  as  many  as  25  have  assembled.  The  general  opinion  of 
those  attending  seems  to  be  that  they  are  one  of  the  best  features  of 
the  Club,  and  many  extremely  interesting  matters  have  been  discussed, 
as  appears  from  the  list  of  subjects  and  speakers  attached  hereto. 

The  Committee  hopes  that  the  members  generally  will  bear  in  mind 
that  on  Thursday  evenings,  except  the  second  of  each  month  and 
holidays,  they  will  be  sure  to  hear  something  of  interest  discussed  at 
the  library  rooms,  and  should  no  postal  notice  be  received,  it  does 
not  at  all  mean  that  no  speaker  has  been  secured.  The  Committee 
also  requests  the  members  of  the  Club  to  communicate  to  it  the  name 
and  address  of  any  person  not  a member  of  the  Club  who  could  be 
persuaded  to  give  one  of  these  informal  talks  at  the  library  rooms  on 
some  subject  which  would  be  of  interest,  as  it  is  not  the  policy  of  the 
Club  to  limit  the  speakers  to  Club  members  only.  It  is  also  suggested 
that  each  member  consider  carefully  the  work  he  is  doing  as  a pos- 
sible subject  for  a Thursday  night  talk,  and  notify  the  Library  Com- 
mittee of  his  willingness  to  appear,  as  this  would  materially  assist 
the  Committee  in  diversifying  the  subjects  discussed. 

The  topics  discussed  during  the  past  year  are  as  follows: 

Jan.  19th.  “ Methods  of  Sewer  Assessments,”  George  E.  Winslow. 

“ 26th.  “ Harrisburg,  Pa.,  Filter  Plant,”  E.  D.  Chase. 

Feb.  2d.  “ Brooklyn  Rapid  Transit  Problem,”  W.  M.  Meserole. 

“ 16th.  “ Subways  and  Arrangement  of  Contained  Piping,”  J.  C. 

Meem. 

23d.  “ Sewerage  Plans  of  Brooklyn  Suburbs,”  Henry  Asser- 
son. 

Mar.  2d.  “ Gas  Meters,”  H.  S.  Wynkoop. 

“ 16th.  “ Trolley  Subway  Construction,”  F.  G.  Cudworth. 

“ 23d.  “ Street  Car  Vestibules,”  B.  P.  Legare. 

“ 30th.  “ New  East  River  Bridge  Foundation,  N.  Y.  Tower,”  K. 

L.  Martin. 

April  6th.  “ Return  Tubular  Boilers,”  A.  D.  Granger. 

“ 20th.  “ Maps,  Map  Making  and  Publishing,”  J.  H.  Park. 

“ 27th.  “ Gas  Distribution,”  H.  G.  Slaney. 

May  4th.  “ Sanitary  Conditions  of  Coney  Island,”  J.  C.  Locke. 

“ 18th.  “ Building  Stones,”  G.  W.  Tillson. 

“ 25th.  “ Water  Filtration,”  C.  L.  Parmelee. 

Oct.  19th.  “ Grade  Crossings,”  H.  B.  Seaman. 

“ 26th.  “ Assessments  for  Local  Improvements,”  N.  P.  Lewis. 

Nov.  2d.  “ Worthington  High  Duty  Attachment,”  J.  W.  Roe. 

16th.  “ Works  for  the  Improvement  of  River  Navigation,” 
George  F.  Rowell. 

23d.  “ Engineering  Features  Dominion  Coal  Co.”  G.  A.  Orrok. 
Dec.  7th.  “ New  York  Rapid  Transit  Plans,”  W.  F.  Smith. 
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Referring  to  the  contract  made  by  yonr  Board  with  the  Brooklyn 
Library,  the  Committee  reports  as  follows: 

The  Brooklyn  Library  has  received  from  the  Club . . . $450  00 

and  has  expended  upon  the  recommendation  of  the 


Committee: 

For  new  books $137  19 

*For  periodicals  and  bindings 155  00 


Yonr  Committee  respectfully  recommends  that  the  necessary  steps 
be  taken  to  secure  the  continuance  of  present  arrangement  with  the 
Brooklyn  Library  as  to  library  privileges  before  expiration  of  present 
contract,  February  1st,  1900. 

Estimate  of  money  needed  for  library  purposes  for  1900  : 

Your  Committee  is  of  the  opinion  that  there  will  be  needed  during 
the  coming  year  $200  for  the  purchase  of  new  books  and  $200  for 
periodicals,  classified  as  new,  with  bindings,  a total  of  $400,  which 
sum  should  be  arranged  for  in  any  contract  with  the  Brooklyn  Library 
which  your  Board  shall  make.  There  should  be  set  aside  from  the 
funds  of  the  Club  the  sum  of  $24  for  the  services  of  janitor  during  the 
coming  year,  and  $50  for  expenses  of  giving  notices  of  Thursday 
night  meetings. 

The  installation  of  a pay  station  telephone  in  the  library,  while 
somewhat  disappointing  as  a money-making  proposition,  has  been 
valuable  to  members  who  desire  to  use  the  library,  and  also  keep  in 
touch  with  their  business.  It  is  largely  on  this  account  that  the 
Committee  advocates  retaining  the  telephone  for  a more  extended 
trial. 

The  Committee  desires  to  express  its  appreciation  of  the  uniform 
assistance  and  courtesies  received  at  the  hands  of  the  Librarian  of  the 
Brooklyn  Library  and  his  staff.  Also  to  thank  your  Board  for  the 
kindly  interest  shown  in  the  Committee’s  work  during  the  year. 

Respectfully  submitted, 

(Signed)  Joseph  Strachan, 

J.  Calvin  Locke, 

A.  J.  Provost,  Jr., 

Library  Committee. 

Brooklyn,  N.  Y. , December  1st,  1899. 

To  the  Board  of  Directors, 

Brooklyn  Engineers’  Club, 

Gentlemen—  The  Membership  Committee  herewith  submits  its 
annual  report : 

During  the  year  1899  the  Committee  has  investigated  and  passed 
upon  the  applications  of  twenty-four  (24)  candidates  for  corporate 

* Periodicals  subscribed  for  prior  to  October  1st,  1895,  together  with  bindings  for 
same,  are  not  included  in  this  item. 
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membership,  and  four  (4)  candidates  for  associate  membership.  They 
are  pleased  to  state  that  in  every  case  they  have  been  able  to  report 
favorably  to  your  Board. 

The  Membership  Committee  favors  the  retention  of  the  Special 
Committee  provided  for  in  Article  III,  Section  2,  of  the  Constitution. 
In  other  respects  the  general  recommendations  of  last  year’s  Member- 
ship Committee  are  fully  endorsed. 

The  Committee  would  also  advise  that  a high  standard  of  profes- 
sional and  social  qualifications  be  applied  in  passing  upon  applications 
for  associate  membership. 

Respectfully  submitted, 

(Signed)  Fbancis  Blossom, 

Feed.  L.  Baetlett, 

A.  T.  Betts, 

Committee  on  Membership. 

Repoet  of  the  Excubsion  Committee  of  the  Beooklyn  Engineees 

Club. 

Following  the  policy  originally  established  by  the  Club  of  having 
excursions  whenever  practicable,  the  Excursion  Committee  has,  during 
the  past  fiscal  year,  through  the  co-operation  of  the  Club  members 
and  others,  held  five  excursions,  of  which  the  following  are  brief  sum- 
maries : 

On  January  28th,  1899,  an  excursion  was  arranged  to  the  Power 
House  of  the  Metropolitan  Railway  Company  at  Twenty-fifth  Street  near 
Lexington  Avenue.  A special  car,  provided  by  courtesy  of  the  Brook- 
lyn Heights  Railroad  Company  (now  Brooklyn  Rapid  Transit),  left 
Borough  Hall,  Brooklyn,  at  2.40  p.  m.,  and  connected  with  a Metro- 
politan Street  Railway  Company  special  car  at  the  Manhattan  end  of 
the  bridge,  the  latter  car  being  furnished  by  courtesy  of  that  company. 
The  power  house  was  reached  at  3.20  p.  m.,  after  which  more  than  two 
hours  were  spent  in  an  inspection  of  the  dynamos,  cables,  boilers  and 
other  equipment  of  this  large  and  interesting  plant.  At  5.30  p.  m., 
those  who  so  desired  repaired  to  the  Cafe  Boulevard  and  took  dinner. 
The  excursion  was  attended  by  about  45  members  and  guests. 

An  excursion  was  held  on  Saturday  afternoon,  March  25th,  to  the 
Ridgewood  Pumping  Station  of  the  Brooklyn  Water  Works.  A special 
car,  provided  through  the  courtesy  of  the  Nassau  Railroad  Company, 
conveyed  35  members  and  guests  to  the  station  which  was  reached  at 
about  3.45  p.  m.  After  two  hours  spent  in  a careful  and  interesting- 
inspection  of  both  the  new  and  old  stations,  the  party  repaired  to  the 
special  car  and  were  taken  to  Piel’s  where  dinner  was  served. 

On  the  evening  of  June  1st,  1899,  the  Club  was  invited  by  the 
management  of  the  Electrical  Exhibition,  then  at  Madison  Square 
Garden,  to  visit  the  show.  Some  40  members  responded  to  the  in  vita- 
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tion  and  spent  a most  enjoyable  evening.  Special  cars  provided  by 
the  Brooklyn  Rapid  Transit  aad  the  Metropolitan  Street  Railway 
Companies  conveyed  the  party  from  Borough  Hall,  in  Brooklyn,  to 
the  Garden  in  Manhattan,  which  was  reached  at  8 p.  m.,  thns  allowing 
, more  than  two  hours  for  thoroughly  inspecting  the  many  and  various 
branches  of  the  instructive  exhibit. 

On  July  8th,  1899,  some  35  members  of  the  Club  were  the  guests  of 
the  Crocker-Wheeler  Company  at  Ampere,  N.  J.  A tug  furnished  by 
that  company’s  courtesy  left  the  foot  of  Montague  Street  at  1.30p.  m., 
connecting  with  a D.  L.  & W.  train  for  Ampere  at  2.25  p.  m.  Nearly 
two  hours  were  spent  in  the  electrical  shops  of  this  company  in  a most 
instructive  and  interesting  inspection  of  their  plant. 

In  conjunction  with  some  of  the  members  of  the  2d  Naval  Battalion 
N.  R.,  S.  N.  Y.,  an  excursion  was  held  on  Saturday  afternoon,  August 
26th,  1899,  to  the  Proving  Ground  at  Sandy  Hook.  Through  the  cour- 
tesy of  the  Brooklyn  Rapid  Transit  Company  a special  car  was  provided 
from  Borough  Hall  to  the  foot  of  56th  Street,  New  York  Bay,  when  the 
jjarty  was  received  on  board  the  yacht  Aileen , under  command  of  Lieu- 
tenant Beale  of  the  Naval  Reserve.  After  a delightful  sail  Sandy  Hook 
was  reached,  when  the  party  of  over  60  spent  some  time  in  inspecting 
the  big  guns,  etc.  It  was  a source  of  regret  to  the  Club  that  the  excur- 
sion could  not  be  held  at  any  time  other  than  Saturday  afternoon, 
when  all  firing  and  testing  had  ceased. 

The  Committee  wishes  again  to  echo  the  thanks  so  warmly  expressed 
by  all  who  participated  in  the  excursion  at  the  cordial  reception  and 
special  courtesies  extended  to  them  by  the  members  of  the  Battalion 
on  board  the  Aileen , and  begs  to  express  the  hope  that  the  existing 
pleasant  relations  between  the  Battalion  and  the  Club  may  always 
continue. 

During  the  year  the  Committee  lost  the  services  of  Mr.  B.  P. 
Legare,  whose  duties  called  him  to  England,  and  who  was  replaced  by 
one  of  the  undersigned,  Mr.  Shaler. 

In  closing,  the  Committee  wishes  to  express  their  sincere  thanks  for 
courtesies  extended  by  the  Brooklyn  Rapid  Transit  Company  of 
Brooklyn,  the  Metropolitan  Street  Railway  Company  of  Manhattan, 
the  officers  of  the  Ridgewood  Pumping  Station,  the  management  of  the 
Electrical  Exhibition,  the  Crocker-Wheeler  Electric  Company  of 
Ampere,  N.  J.,  and  the  2d  Naval  Battalion  N.  R.,  S.  N.  Y. , and  adds,  that 
since  the  above  excursions  have  been  made  practicable  only  by  the 
hearty  co-operation  of  individual  members  of  the  Club,  the  Committee 
wishes  to  ask  for  its  successors  continued  help  in  the  way  of  suggestion 
or  efforts  in  this  direction. 

(Signed)  J.  C.  Meem,  Chairman. 

E.  C.  Shaler, 

C.  L.  Hastings, 

Excursion  (Committee. 
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The  above  reports,  on  motion,  were  accepted  and  ordered  filed. 

The  President  then  declared  that  the  business  before  the  Club  was 
the  election  of  officers  for  the  ensuing  year.  He  announced  nomina- 
tions made  at  the  November  meeting  as  follows: 

For  President,  George  W.  Tillson. 

For  Secretary,  Andrew  J.  Provost,  Jr. 

For  Treasurer,  Calvin  W.  Rice. 

In  the  absence  of  any  further  nominations  he  declared  a ballot  in 
order,  and  appointed  Messrs.  Pollock  and  Locke  tellers  to  canvass  the 
vote. 

A ballot  was  then  taken.  The  tellers’  report  showed  36  ballots 
cast,  of  which 

George  W.  Tillson,  received  36  votes  for  President. 

A.  J.  Provost,  Jr.,  “ 36  “ Secretary. 

Calvin  W.  Rice,  “ 36  “ Treasurer. 

Mr.  Meserole. — We  have  now  reached  the  time  in  the  Annual  Meet- 
ing when  the  President  comes  to  the  point  of  becoming  a real  “has- 
been.” 

It  is  a very  nice  point  about  the  Constitution  of  this  Club  that  the 
President,  when  he  retires,  does  so  gradually  and  by  degrees,  on  the 
installment  plan,  in  fact.  He  remains  in  the  Board  of  Directors  for 
another  year.  You  cannot  “ chase ’’ him  any  quicker  than  that.  In 
fact,  when  we  started  out,  we  started  with  a Past-President  who  had 
never  been  President.  We  had  to  elect  a Past-President  in  order  to 
fill  that  requirement,  and  Mr.  Torrance  was  the  victim.  He  is  the 
only  man  who  can  ever  be  an  ex-President  of  this  Club  without  having 
first  been  President. 

It  is  a peculiar  thing  about  the  American  people,  as  Jules , Verne 
says,  that  whenever  three  of  them  get  together  they  immediately  form 
an  organization.  One  of  them  is  elected  Chairman  and  another  Sec- 
retary, and  if  there  are  more  than  three  they  have  a Board  of  Officers 
and  a Board  of  Directors.  This  Club  was  formed  in  something  like 
that  informal  way;  but  it  has  grown  to  be  something  that  really  needs 
a Board  of  Directors;  it  really  needs  officers,  and  its  members  need  to 
know  what  the  officers  are  doing,  as,  of  course,  the  management  of  the 
Club  is,  necessarily,  in  the  hands  of  a few. 

It  has  been  my  good  fortune  from  the  beginning  of  this  Club  to  be 
associated  with  its  management.  At  the  time  of  its  organization  some- 
body named  me  on  a committee  to  help  to  form  the  constitution. 
They  then,  in  their  wisdom,  or  unwisdom,  nominated  me  for  Yice- 
President,  and  I was  elected.  Somehow  or  other  the  constitution  pro- 
vides that  the  Vice-President  shall  stay  in  office  for  two  years.  Then 
I was  elected  President.  That  made  me  a fixture  for  two  more  years, 
although  I was  elected  for  but  one.  On  the  whole  it  looks  to  me  as 
though  I were  getting  to  be  a chronic  office-holder. 
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During  tlie  time  that  I have  been  in  office  I have  seen  the  Club  grow 
very  materially,  and  it  hasn’t  got  through  growing  yet,  I am  happy  to 
say.  The  report  of  the  Secretary  shows  160  members,  and  he  did  not 
state  the  fact  that  there  are  now  eight  applications  for  membership  to 
be  acted  on  at  the  next  meeting,  and  in  the  month  to  come  we  will  prob- 
ably have  a number  more.  The  Club  is  growing  very  materially,  and 
there  is  no  doubt  that  it  is  filling  a space  that  existed  for  just  such  an 
organization  in  this  city.  At  the  time  it  was  organized  it  was  claimed 
there  was  no  room  for  such  a club;  that  we  had  the  American  Society 
in  New  York,  which  was  away  ahead  of  anything  we  could  think  of 
putting  up,  but  the  result  has  justified  our  hopes. 

It  has  been  said  here  to-night  that  it  won’t  be  very  long  before  we 
have  a place  of  our  own.  Well,  I think  that  may  be  so.  I think,  how- 
ever, that  it  will  be  a good  while  before  we  ought  to  take  any  step  in 
that  direction.  We  are  doing  very  nicely  now,  and  are  running  along 
under  a very  small  expense.  The  Corporate  members  of  this  Club  are 
paying  annually  but  $8  into  the  treasury. 

The  analysis  of  the  accounts  as  read  to  you  to-night  will  show  that 
nearly  all  of  that  money  is  paid  out  immediately  for  the  benefit  of  the 
Club  membership  at  large.  Our  income  last  year  was  something  over 
$2  000.  We  spent  nearly  all  of  that.  We  haven’t  spent  all  our  income, 
however,  but  nearly  all  for  Club  purposes.  The  entertainment  at  the 
meetings  in  the  way  of  refreshments  has  almost  entirely  been  paid  for 
by  the  members  present.  Those  who  were  present  at  the  time  when 
we  changed  the  system  of  payment  for  suppers  know  that  there  was 
quite  a little  fund  collected  by  the  Entertainment  Committee  by  reason 
of  the  fact  that  they  were  selling  tickets  in  advance,  and  which  were 
good  for  only  a limited  season,  and  the  returns  from  those  that  had  been 
paid  for,  and  not  used,  formed  a fund  in  the  hands  of  the  Entertain- 
ment Committee.  In  that  way  the  Committee  was  able  to  give  during 
the  past  year,  I believe,  three  entertainments,  at  which  the  expense  of 
the  refreshments  was  nothing  to  the  members  present.  But  we  do  not 
think  that  that  is  a good  plan.  We,  therefore,  have  changed  the  thing 
around,  so  that  every  member  shall  pay  for  what  he  has  had.  In  that 
way  the  Club  is  going  to  be  at  a little  expense  to  carry  on  the  enter- 
tainments, by  reason  of  the  fact  that  there  will  be  a few  who  will  have 
to  be  entertained  at  the  expense  of  the  Club. 

I think  it  has  been  one  of  the  strong  features  of  this  Club  that  it 
has  been  to  a certain  extent  a social  organization.  We  don’t  come  here 
just  to  study  as  we  would  go  to  an  evening  school.  We  do  get  knowl- 
edge, we  do  grow  in  our  profession,  but  we  also  grow  in  acquaintance- 
ship with  the  members  of  our  profession,  against  whom  we  should  rub 
elbows  in  the  outside  world;  we  get  to  know  one  another,  and  it  does 
a fellow  a lot  of  good— 4L  know  it  does  me. 

Now,  in  an  organization  that  I happen  to  know  of,  that  was  spread 


PROCEEDINGS  OF  THE  ANNUAL  MEETING. 


45 


pretty  well  over  the  United  States,  in  the  year  1898,  it  fell  off 
very  materially  in  membership.  There  was  a great  hullabaloo  in  the 
organization.  They  published  a magazine,  and  the  man  who  ran  that 
magazine,  and  who  made  a good  salary  by  doing  so,  and  whose  earn- 
ings depended  on  the  size  of  the  organization,  made  the  statement 
along  in  the  fall  that  during  the  term  of  their  present  President  he  had 
lost  some  $30  000.  The  President  retorted:  “Well,  I haven’t  got  it; 
you  can  search  me  if  you  want  to.  Mr.  McKinley  was  also  President 
this  year,  perhaps  he  found  what  you  lost.  ” 

Now,  if  there  is  anything  that  this  Club  has  lost  during  the  past 
year  you  can  search  me  for  it,  but  you  won’t  find  it.  1 am  not  to 
blame. 

The  officers  and  committeemen  are  the  ones  to  blame  and  to  praise, 
for  they  have  been  the  ones  who  have  brought  this  Club  to  the  point 
where  it  is,  with  the  help  of  the  members.  This  Club  has  depended  on 
the  good  work  of  every  member  in  it.  There  is  coming  a time  when 
there  is  going  to  be  a great  shortage  of  men  to  read  papers  at  the  regu- 
lar meetings,  and  to  talk  at  the  Thursday  night  meetings,  which  are  so 
very  valuable,  and  that  shortage  will  come  all  the  sooner  if  a whole  lot 
of  the  members  here  don’t  make  up  their  minds  that  they  can  say  some- 
thing, or  write  something,  or  do  something,  to  “ keep  the  ball  rolling.  ” 
There  are  not  so  many  men  here  but  what  every  man  has  got  to  take  his 
part.  Don’t  imagine  it  is  a very  pleasant  thing  for  a committee  chair- 
man to  go  around  urging  people  to  talk  at  a Thursday  night  meeting, 
or  read  a paper  at  the  monthly  meetings.  Of  course,  somebody  has 
got  to  be  a committee  chairman,  but  make  it  as  easy  as  you  can  for 
him.  In  the  same  way  I hope  the  members  will  do  what  they  can  for 
the  new  board  of  officers.  I think  I can  safely  put  the  management  of 
this  Club  in  the  hands  of  the  next  board  of  officers,  knowing  that  the 
new  President,  whoever  he  may  be  (of  course,  we  don’t  know),  and  the 
new  committee  chairmen  he  may  appoint,  and  their  associates  on  the 
committees,  will  handle  the  thing  so  much  better  than  it  has  been, 
handled  this  year,  that  at  the  next  annual  meeting  you  will  have  a 
great  deal  more  to  be  proud  of  than  you  have  to-day. 

The  President. — Gentlemen,  it  is  my  last  official  act  to  declare  Mr. 
George  W.  Tillson  elected  as  President  of  the  Club  for  the  ensuing  vear; 
Mr.  Andrew  J.  Provost,  Jr.,  as  Secretary;  and  Mr.  Calvin  W.  Bice,  as 
Treasurer.  It  is  with  great  pleasure  that  I turn  over  the  gavel  of 
this  organization  to  the  new  President,  Mr.  Tillson. 

Mr.  George  W.  Tillson. — Gentlemen  of  the  Club:  My  sensibilities 
would  be  dull,  indeed,  were  I not  gratified  at  the  action  which  vou 
have  taken  this  evening  in  making  me  President  of  the  Brooklyn 
Engineers’  Club  for  the  coming  year.  I consider  it  an  honor,  and  I 
thank  you  for  it  heartily  and  cordially.  I wish  that  I might  do  as  the 
politicians  do,  promise  each  one  of  you  a good  office  with  a large 
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salary  and  little  work;  but  as  I cannot  do  that  I will  guarantee  that  I 
will  do  my  best  to  maintain  the  high  standard  which  the  Brooklyn 
Engineers’  Club  has  attained  among  the  technical  societies  of  the  day. 
I know  what  I am  saying  when  I promise  this,  and  I know  full  well 
that  I cannot  accomplish  it  without  the  co-operation  of  the  members 
of  the  Club. 

All  of  you  can  do  something.  Your  very  presence  here  encourages 
the  officers,  and  all  those  who  have  to  do  with  the  meetings.  Some 
members  do  their  work  on  committees;  others  come  here  and  take 
part  in  the  discussions,  and  still  others  present  papers  which  form  the 
nuclei  for  these  discussions,  and  it  has  always  seemed  to  me  that,  in 
the  preparation  of  a paper  (especially  if  it  be  one  of  a scientific 
nature),  we  can  come  nearer  to  actual  creation  than  in  any  other  way. 
An  idea  suggests  itself,  another  follows,  the  two  beget  a third,  and 
others  come  rushing  in  until  at  last  we  have  enough  to  form  a complete 
and  logical  paper.  It  is  the  creation  of  our  own  brain,  almost  some- 
thing from  nothing,  and  must  give  satisfaction  to  any  man  who  has 
accomplished  it. 

I know  that  to  prepare  a paper  for  this  Club  means  a great  deal  of 
work  and  patient  labor,  but  I do  not  believe  there  is  a single  member 
who  has  prepared  such  a paper  since  this  Club  was  organized  but  has 
felt  fully  repaid  for  his  labor  in  the  satisfaction  which  he  has  after- 
wards received. 

There  is  another  feature  of  this  Club  to  which  I wish  to  allude, 
and  that  is  the  social  side.  I do  not  believe  there  is  a technical 
society  in  the  country  in  which  the  social  features  have  been  developed 
as  they  have  in  this  without  detriment  to  the  technical  part.  Gener- 
ally where  a social  feature  is  introduced  at  all  it  has  been  at  the 
expense  of  the  scientific  side,  but  with  us  it  has  seemed  to  be  differ- 
ent, and  any  particular  success  on  the  one  side  has  incited  the  other 
to  greater  effort,  and  the  result  has  been  greater  developments  in  every 
direction.  This  social  feature  should  be  fostered  and  encouraged  in 
every  possible  way,  for  I think  to  it,  in  a great  measure,  is  due  the 
present  success  of  the  Brooklyn  Engineers’  Club. 

It  is  customary,  gentlemen,  for  the  presiding  officer  of  a technical 
society,  when  taking  his  seat,  to  detail  to  some  extent  the  proceedings 
of  the  world  during  the  preceding  year  in  which  his  society  is 
supposed  to  be  most  interested.  Permit  me,  however,  to  vary  some- 
what from  the  usual  custom,  and  instead  of  looking  into  the  past  I 
will  ask  you  to  look  forward  into  the  future,  and  consider,  for  the 
few  moments  which  I shall  ask  your  attention,  what  I think  will  be 
the  next  great  power  or  agency  in  the  development  of  the  civilization 
of  the  world. 

From  the  beginning  of  the  Christian  era  down  to  the  present 
century  there  have  been,  if  we  except  the  Christian  religion,  three 
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great  civilizers  at  work:  the  alphabet,  the  art  of  printing,  and  the 
discovery  of  gunpowder.  During  the  present  century  the  discovery 
and  utilization  of  the  power  of  steam  and  electricity  has  so  changed 
the  natural  and  industrial  world  that  those  of  us  who  have  seen  the 
greater  part  of  it  can  hardly  realize  the  transformation  which  has 
taken  place.  And  yet  civilization  required  1 500  years  to  attain  its 
growth  and  strength  enough  to  cross  the  Atlantic.  It  took  150  years 
more  for  it  to  gain  and  maintain  a foothold  on  these  shores.  In  1802 
it  crossed  the  Mississippi  Eiver.  In  1848  it  reached  California  and 
the  Pacific  Coast,  and  now  in  the  latter  part  of  the  la^t  . .cade  of  the 
19th  century  it  has  crossed  the  Pacific  and  reached  the  Hawaiian  and 
the  Philippine  Islands.  All  these  events  have  been  brought  about 
by  these  agents  of  civilization  of  which  I have  spoken.  Without 
them  this  would  have  been  a physical  impossibility. 

And  now,  standing  as  we  do  on  the  very  threshhold  of  the  20th 
century,  looking  forward  into  the  future,  can  we  say  that  civilization 
has  reached  its  climax;  that  henceforth  there  will  be  no  development. 
1 do  not  think  so,  and  I further  believe  that  one  of  the  great  agencies 
in  its  future  development  will  be  the  collection  and  storage  of  heat 
from  the  direct  rays  of  the  sun. 

Heat  ! It  is  the  power  that  moves  the  world.  It  drives  our  express 
trains,  propels  our  ocean  steamships,  turns  the  wheels  of  our  factories, 
turns  winter  into  summer,  and  night  into  day.  It  supports  all  vege- 
table and  animal  life.  Without  it  this  world  would  be  as  bleak  and 
bare  as  is  the  desert  moon.  And  what  more  natural  that,  if  we  wish 
to  investigate  this  power,  we  go  to  its  source,  the  sun. 

The  storage  of  the  heat  from  the  rays  of  the  sun.  This  is  going  on 
at  the  present  time,  and  has  been  going  on  for  ages.  A ray  of  heat 
shoots  forth  from  the  great  orb  of  the  universe  which  we  call  the  sun. 
It  falls  upon  a mound  of  earth  in  which  lies  hidden  a tiny  seed.  The 
heated  soil  causes  the  seed  to  germinate;  it  bursts  forth;  becomes  a 
plant,  a sapling,  a tree,  which  in  its  turn  bears  fruit’,  falls  to  the 
ground  and  decays.  Yes,  falls  to  the  ground  among  thousands  of  its 
fellows,  which  acted  on  by  the  elements,  and  after  passing  through 
numberless  geologic  changes,  we  find  centuries  after,  perhaps,  stored 
up  in  the  bosom  of  mother  earth,  covered  by  a mantle  of  virgin  soil. 
We  call  it  coal,  but  it  is  the  stored  up  heat  and  energy  of  the  sun. 
Stored  up,  but  at  how  great  a loss  of  efficiency  no  one  can  tell.  And, 
now,  do  you  doubt  that  in  this  coming  twentieth  century  some  man 
will  be  found  who  can  so  accelerate  this  action  and  hasten  it,  that  it 
can  be  brought  about  within  a reasonable  time,  and  during  the  life  of 
man?  This  will  not  be  a change  in  the  laws  of  Nature,  but  it  will  be 
accomplished  by  acquiring  such  a knowledge  of  the  laws  of  Nature 
that  they  can  be  so  taken  advantage  of  that  they  seem  to  produce  an 
anomaly. 
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Why!  go  back  with  me  one  hundred  years,  and  who  so  credulous 
as  to  believe  that  man  could  ever  construct  a vessel  700  feet  long  and 
propel  it  across  the  Atlantic  in  54  days,  bearing  within  its  iron  sides 
more  than  2 100  men  and  women,  besides  thousands  of  tons  of  freight. 
Go  back  with  me  75  years,  and  who  so  venturesome  as  to  predict  that 
we  could  ever  travel  from  the  Atlantic  to  the  Pacific  in  four  days,  or 
that  we  could  communicate  with  our  friends  across  the  continent,  and 
even  under  the  ocean  from  continent  to  continent  as  freely  as  with  our 
neighbors  across  the  street. 

Go  back  with  me  50  years;  yes,  40,  30  years,  and  who  would  have 
believed  that  a man  could  ever  sit  down  at  his  desk  in  New  York  and 
talk  with  his  agent  in  Chicago  or  St.  Louis,  and  even  Omaha,  and 
recognize  the  tones  of  his  voice.  But  these  things  are  done,  and  done 
so  commonly  that  our  children  take  them  as  much  a matter  of  course 
as  they  do  the  rising  and  setting  sun.  Don’t  you  know,  gentlemen, 
that  in  these  times  it  is  the  believer  who  is  the  conservative  man,  and 
the  doubter  who  is  the  radical  ? 

Shall  I picture  to  you  some  of  the  conditions  to  be  arrived  from 
this  discovery  ? Think  of  an  ocean  steamship  starting  off  on  a voyage 
across  the  Atlantic  without  any  coal  or  coal  bunkers,  and  in  their 
places  tanks  of  concentrated  heat  ! Think  of  our  houses  heated  with- 
out the  annoyance  and  dust  of  coal  and  ashes!  Think  of  being  served 
every  morning  in  winter  by  the  heat  man,  as  we  are  served  in  summer 
by  the  iceman!  Think  of  taking  up  the  morning  paper  and  reading 
that  the  good  ship  Eldorado  has  arrived  over  night  laden  with  a general 
cargo,  and  a certain  amount  of  concentrated  heat!  Think  of  Peary 
starting  off  on  a voyage  to  the  North  Pole  carrying  among  his  general 
stores  a certain  amount  of  concentrated  heat!  Think  of  an  air  ship  pro- 
pelled by— but  I appal  your  minds,  and  if  I continue  to  intimate 
to  you  the  probabilities,  let  alone  the  possibilities,  of  this  discovery, 
you  would  believe  even  less  of  what  I am  telling  than  you  are  believing 
at  the  present  time. 

Do  you  ask  me  how  all  this  is  to  be  brought  about?  X shall  be 
obliged  to  say  I do  not  know.  I wish  I did.  If  I did  I would  guarantee 
to  build  within  the  next  five  years  a club  house  for  the  Brooklyn 
Engineers’  Club  such  as  no  society  has  ever  seen.  If  I did  I would 
be  sure  that  my  name  would  go  down  honored  among  those  of  Morse, 
Edison,  Tesla  and  Marconi. 

How  this  is  to  be  brought  no  one  can  tell.  Perhaps  by  means  of 
electricity.  Perhaps  by  means  of  liquefied  air.  Perhaps  by  some 
method  of  which  at  the  present  time  we  have  no  knowledge,  but  it  is 
bound  to  come.  It  may  not  in  my  time.  I trust  it  will  in  the  time 
of  some  of  you  present.  And  when  it  does  please  remember  that  it 
was  once  predicted  in  the  Brooklyn  Engineers’  Club. 

Mr.  Andrew  J.  Provost,  Jr.— Mr.  President  and  gentlemen,  I don’t 
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know  whether  it  is  generally  known,  but  it  ought  to  be,  that  Mr.  Meem 
writes  all  the  speeches  for  this  Club.  Feeling  that  this  call  might 
come  this  evening,  I button-holecl  Mr.  Meem  out  in  the  lobby  and 
asked  him  for  my  contribution  to  the  speechmaking.  He  said  that  he 
had  had  some  good  ones,  but  had  given  the  best  one  to  Tillson.  He 
said,  “I  have  only  one  left,  but  you  can  have  that  if  you  want  it.” 
The  speech,  however,  happens  to  be  in  Scotch  dialect,  and  I am  afraid 
it  is  beyond  my  powers.  But  I want  to  thank  you  all  very  much  for 
the  confidence  you  have  shown  in  re-electing  me  as  Secretary  this 
evening.  I shall  endeavor  to  carry  out  the  duties  of  the  office  as  well 
as  I can. 

I think  that  the  success  of  this  Club  is  something  that  we  ought  to 
feel  proud  of,  and  it  may  have  a good  many  successes  in  the  future,- 
such  as  the  club  house,  which,  however,  we  are  not  very  near  to  yet. 
I think  that  it  is  quite  remarkable  that  in  the  three  years,  or  little 
more,  that  the  Club  has  been  in  existence,  that  this  city,  or  rather 
borough,  has  attained  through  its  Engineering  Society  (if  it  may  be 
so  called),  a position  among  other  cities  and  communities  of  this 
country,  regarding  its  number  of  organized  professional  engineers, 
which  its  population  would  appear  to  ultimately  justify. 

In  looking  over  the  membership  lists  of  the  various  societies  in 
this  and  other  cities,  we  find,  as  we  naturally  would  expect,  that  New 
York  heads  the  list;  that  Chicago  comes  next,  in  point  of  local  mem- 
bers; Philadelphia  next,  and  Brooklyn  (the  old  City  of  Brooklyn) 
comes  next,  as  we  would  expect.  It  is  closely  followed  by  Boston,  St. 
Louis  and  Cleveland,  in  the  order  named.  Therefore,  while  our  mem- 
bership may  increase  in  the  future  to  some  extent,  we  cannot  expect 
it  to  increase  to  a very  large  degree.  And,  personally,  I believe  that 
with  the  160  or  more  members  we  have  now,  if  we  can  only  keep  up 
the  enthusiasm  that  has  existed  during  the  past  years,  we  shall  not 
need  more  members,  and  that  with  the  same  kind  of  work  done  among 
us  all  as  in  the  past,  we  shall  have  as  good  an  engineering  club  and 
get  as  good  work  out  of  it  as  anyone  could  wish. 

Mr.  Rice.  Mr.  President  and  members  of  the  Brooklyn  Engineers’ 
Club,  I can  only  thank  you  for  the  great  satisfaction  and  honor  I have 
in  this  position,  which  is  a great  pleasure  to  me  to  carry  out. 

Mr.  Meserole,  acting  for  the  Committee  appointed  at  the  November 
meeting  to  confer  with  Mr.  Risse,  Engineer-in-Cliief  of  the  Topo- 
graphical Department,  regarding  the  action  of  that  Department  in 
moving  and  disturbing  monuments  in  the  Borough  of  Brooklyn  with 
regard  to  line  and  grade,  reported  the  results  of  such  conference. 

He  stated  that  the  investigation  of  the  Committee  showed  that  the 
work  was  being  done  carefully,  and  in  a workmanlike  way;  that 
records  were  being  kept  of  the  changes  made,  and  that,  upon  the  rec- 
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ommendations  of  the  Committee,  the  Engineer-in-Chief  had  agreed  to 
place  records  of  all  changes  made  in  a convenient  location  in  this 
Borongh  where  local  engineers  and  surveyors  shall  have  free  access  to 
them;  also,  to  file  there  copies  of  street-opening  maps,  and  changes  of 
line  and  grade. 

The  Committee,  its  work  having  been  performed,  asked  to  be  dis- 
charged. Upon  motion',  the  report  was  accepted  and  the  Committee 
discharged,  with  thanks. 

The  meeting  then  regularly  adjourned. 


BROOKLYN  ENGINEERS’  CLUB.* 


No.  15. 


NOTES  ON  STREET  PAVING  MATERIALS  AND 
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By  Nelson  P.  Lewis,  M.  B.  E.  C. 
Presented  January  12th,  1899. 


It  is  only  within  the  last  few  years  that  the  municipal  engineer  has 
been  frequently  spoken  of,  and  that  municipal  engineering  has  come  to 
be  regarded  as  an  important  and  attractive  branch  of  professional  work. 
Many  of  our  technical  schools  now  have  chairs  of  Municipal  Engineer- 
ing. Up  to  the  close  of  the  last  decade  a very  large  percentage  of  the 
engineers  of  the  country  were  engaged  in  railroad  work,  and  there  are 
probably  very  few  of  us  who  began  our  professional  careers  a dozen  or 
more  years  ago  who  have  not  been  for  some  time  employed  in  this 
kind  of  work,  or  are  so  engaged  to-day. 

The  number  of  miles  of  new  railroads  built  in  the  United  States 
during  the  decade  from  1880  to  1890  was  73  402,  of  which  11  569  miles 
are  credited  to  1882,  and  12  878  miles  to  1887,  while  in  the  five  suc- 
ceeding years  the  annual  increase  in  mileage  was  4 071,  4 419,  2 277, 
1 928  and  1 628,  respectively.  Nearly  all  the  railroads  required  to 
transport  our  products  seem  to  have  been  completed  by  the  last  named 
year,  so  that  since  that  time  this  branch  of  engineering  has  offered  few 
attractions. 

One  of  the  conspicuous  results  of  cheapened  transportation  and  the 
facility  with  which  the  products  of  field,  forest,  mine  and  factory  can 

* This  Club  is  not  responsible,  as  a body,  for  the  facts  and  opinions  advanced  in  this 
publication, 
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be  transferred  to  the  consumer,  has  been  the  rapid  increase  in  popula- 
tion of  all  our  cities.  It  is  scarcely  necessary  to  repeat  the  familiar 
statistics  showing  the  tendency  of  our  population  to  concentration  in 
large  cities. 

Total  Miles  of  Steam  Surface  Railroads  in  United  States,  with 
Yearly  Increase  from  1880  to  1895. 


Year.  Total  miles.  Increase. 

1880  93  296  6 712 

1881  103  143  9 874 

1882  114  712  11  569 

1883  121  445  6 743 

1884  125  379  3 924 

1885  128  361  2 982 

1886  136  379  8 018 

1887  149  257  12  878 

1888  156  169  6 912 

1889... 161  353  5 184 

1890  166  698  5 345 

1891  170  769  4 071 

1892  175  188  4(419 

1893  177  465  2 277 

1894  179  393  1 ^28 

1895  181  021  1 628 


In  1890  over  45%  of  the  population  of  New  York  State  (nearly  six 
millions)  was  concentrated  in  four  cities,  while  it  is  estimated  that  the 
greater  city  of  New  York  contains  at  present  more  than  52%  of  the 
State’s  population.  Nor  is  this  tendency  characteristic  only  of  Ameri- 
can cities,  though  the  general  impression  seems  to  be  that  it  is  more 
conspicuous  with  us.  In  fact  many  European  cities,  notably  those  of 
Germany,  haye  outstripped  ours  in  growth.  To  give  a few  examples; — 
in  1870  Berlin  had  about  150  000  less  people  than  New  York;  in  1890  it 
had  over  73  000  more.  In  1875  Hamburg  exceeded  Boston  in  population 
by  but  6 000,  while  in  1890  the  German  city  was  more  than  121  000 
ahead.  Breslau  has  grown  from  272  900  in  1880  to  335  200  in  1890  (or 
23%),  while  our  thriving  city  of  Cincinnati  has  in  the  same  period  in- 
creased from  255  100  to  296  900,  or  16  per  cent,  Taking  a number  of 
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German  and  American  cities  of  about  the  same  size,  it  is  seen  that 
during  the  decade  from  1880  to  1890  the  increase  in  population  was: 


Cities 

Population 

1880. 

Population 

1890. 

Per  cent, 
increase. 

Breslau 

...  272  900 

335  200 

22.8 

Cincinnati 

...  255  139 

296  309 

16.1 

Cologne 

. ..  144  800 

281  800 

94.6 

Buffalo 

...  155  000 

255  664 

65.0 

Dresden 

. ..  220  800 

276  500 

25.2 

New  Orleans . . . . , 

...  216  000 

242  039 

12.0 

Hanover 

...  122  800 

163  600 

33.2 

Louisville 

. . . 123  758 

161  005 

31.0 

Nuremberg 

. . . 99  519 

142  523 

43.2 

Providence 

...  104  857 

132  099 

26.0 

Chemnitz 

. . . 95  000 

138  955 

46.3 

Rochester 

. . . 89  366 

133  896 

49.8 

But  this  remarkable  growth  is  not  limited  to  Germany.  It  is  found 
to  be  true  of  most  of  the  capitals  and  principal  cities  of  Europe,  as 
the  following  percentages  of  growth  in  the  decade  ending  in  1890  will 


show: 

City.  Per  cent. 

Amsterdam 24 

The  Hague 33 

Paris 8 

Lyons 19f 

Florence 42 

Budapesth 43 

London  (County) 10 

London  (Metropolitan  Police  District) 18 

Glasgow 16 

Edinborough 11 


Meanwhile  the  rural  population  the  world  over  has  increased  very 
slowly,  or  has  positively  decreased.  The  massing  together  of  large 
numbers  of  people  without  proper  regard  to  sanitary  conditions  has 
always  resulted  in  great  mortality,  as  witness  the  terrible  plagues 
which  have  swept  over  the  old  cities  of  Europe,  and  the  disastrous 
results  during  the  past  summer  of  concentrating  large  numbers  of  our 
volunteers  in  camps  not  subjected  to  rigid  sanitary  regulations. 
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It  has  been  amply  demonstrated,  however,  that  onr  cities  can  be 
made  at  least  as  healthful  as  the  country  districts,  and  an  increasingly 
large  number  of  engineers  are  engaged  in  this  city  building.  It  is  to 
one  branch  of  this  municipal  work  that  I wish  to  ask  your  attention 
this  evening, — that  of  street  improvement.  The  first  impression  gained 
by  a stranger  entering  a city  is  undoubtedly  that  produced  by  the 
appearance  of  its  streets.  If  they  are  poorly  paved,  irregular,  dirty 
and  generally  unkempt,  he  will  consult  his  time  table  to  see  how  soon 
he  can  get  away.  If  they  are  broad,  smooth,  clean,  well  shaded  and 
lighted,  he  will  stay  as  long  as  possible. 

In  spite  of  the  pride  of  the  American  people  in  the  development  of 
our  cities,  and  notwithstanding  the  fact  that  their  wealth  enables  them 
to  have  only  the  best,  they  have  been  slow  to  appreciate  the  value  of 
thoroughly  well-paved  streets.  European  cities  have  been  ahead  of 
us  in  accepting  the  doctrine  as  stated  by  Mr.  Albert  Shaw,  “that 
smooth  and  clean  highways  are  a wise  investment  from  every  point  of 
view,  and  that  so  long  as  the  work  is  done  in  a thorough  and  scientific 
manner,  the  result  is  worth  having,  regardless  of  cost.  No  city  should 
think  itself  rich  enough  to  prosper  without  them,  and  no  city  is  so 
poor  that  it  cannot  afford  them  if  it  has  any  reason  whatever  for  con- 
tinued existence.  Good  roadways  are  cheap  at  any  cost,  and  bad  ones 
are  so  disastrously  expensive,  that  only  a very  rich  country  like  the 
United  States,  can  afford  them.” 

The  very  fact  that  the  street  pavement  is  a matter  of  such  every- 
day concern,  and  the  difference  between  good  and  bad  pavements  is 
so  apparent  to  the  most  casual  observer,  will  probably  account  for  the 
fact  that  its  construction  and  maintenance  has  not  been  thought  to 
require  the  same  expert  engineering  supervision  as  is  concededly  neces- 
sary in  designing  and  building  systems  of  water  supply,  or  sewerage, 
but  that  almost  anybody  can  build  a street  as  long  as  he  has  the  earth 
for  a foundation,  though  when  the  street  is  to  be  carried  across  a water- 
way, it  is  conceded  that  a trained  engineer  is  required. 

Engineering  involves  the  economical  use  of  the  materials  and 
resources  which  are  available  to  the  accomplishment  of  the  object  in 
view.  It  is  as  reprehensible  to  waste  material  and  money  in  the 
construction  of  a street  or  its  pavement  as  in  the  building  of  a bridge. 
In  the  former  case  the  waste  will  not  be  apparent,  but  that  is  the 
greater  reason  why  it  should  be  avoided  by  the  conscientious  engineer. 

I shall  not  attempt  to  give  you  a history  of  street  paving,  or 
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attempt  to  sketch  its  development,  but  will  briefly  refer  to  the  differ- 
ent kinds  in  general  nse,  and  the  kind  most  in  favor  in  varions  cities. 
I suppose  no  one  has  ever  introduced  the  subject  of  pavements 
without  reference  to  the  Roman  roads,  and  I will  not  be  so  radical  as 
to  violate  all  precedent. 

While  Carthage  was  probably  the  first  city  to  boast  of  paved 
streets,  the  Romans  followed  its  example,  and  all  over  Europe,  Asia 
and  Africa,  as  far  as  the  domain  of  their  Emperors  extended,  they  built 
with  the  greatest  care  and  at  enormous  expense  that  magnificent 
system  of  roads  which  were  often  supposed  in  the  middle  ages  to  be 
of  supernatural  origin  and  which  remain  the  wonder  of  our  modern 
civilization.  The  principal  arteries  were  military  roads  built  to  facil- 
itate the  marching  of  armies  and  were  built  and  maintained  by  the 
imperial  government,  while  others  were  for  commercial  purposes  and 
the  expense  of  their  construction  and  repair  was  borne  by  the  muni- 
cipal governments.  These  roads  were  generally  from  4 to  6 met. 
in  width  and  were  constructed  in  this  way : — The  roadbed  was  exca- 
vated and  in  it  was  placed  a layer  of  stones  which  were  sometimes 
united  with  mortar.  These  stones  were  such  as  were  most  available, 
sometimes  rounded  stones  similar  to  the  cobble  stones  with  which  we 
are  familiar,  and  in  some  cases  in  the  Alps  the  foundation  was  a 
compact  mass  of  angular  stones,  2 ft.  or  more  in  their  longest  dimen- 
sion, carefully  fitted  together. 

On  this  foundation  was  placed  a layer  of  plaster  made  of  stone  or 
brick  pounded  with  mortar,  then  a course  of  sand  and  lime  or  sand  and 
clay,  leveled  and  pounded  until  very  hard.  The  top  or  wearing 
surface  was  made  of  irregular  flat  stones,  fitted  together  with  nicety 
and  united  with  cement.  The  total  depth  of  these  roads,  or  pave- 
ments, as  they  can  properly  be  called,  was  from  3 to,  in  some  cases, 
7 ft.  It  is  said  that  in  the  province  of  Hispania  alone  (Spain  and 
Portugal)  20  000  miles  of  roads  were  built.  We  think  of  Rome  as 
conquering  the  greater  part  of  the  civilized  world  by  her  magnificent 
legions,  and  forcing  her  civilization  upon  it  by  her  army,  but  who 
shall  say  how  much  of  her  success  was  due  to  the  splendid  system  of 
roadways  that  enabled  her  to  quickly  concentrate  her  forces  and  hurl 
them  against  the  enemy  in  emergency,  and  which  during  the  brief 
periods  between  her  wars  stimulated  the  arts  of  peace  and  facilitated 
commerce  between  her  provinces  and  cities? 
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What  was  undoubtedly  the  first  stone  pavement  laid  in  the  new 
world  was  in  New  York  City— or  New  Amsterdam— in  1657.  The  first 
Van  Cortlandt  established  a brewery,  according  to  a book  recently  writ- 
ten by  Mrs.  John  King  Van  Rensselaer,  which  was  located  on  what  was 
previously  called  “the  road,”  lying  between  Broad  and  Whitehall 
Streets,  and  afterwards  called  Brower  Street.  The  Butch  housewives 
were  much  annoyed  at  the  dust  raised  by  the  brewery  wagons,  which 
marred  the  neatness  of  their  kitchens,  and,  through  the  influence,  it  is 
said,  of  Madame  Van  Cortlandt,  the  authorities  were  prevailed  to  pave 
the  roadway  with  small,  round  stones.  This  improvement  excited  the 
liveliest  interest  and  the  country  people  visited  it  as  a curiosity.  It 
soon  came  to  be  called  “the  stone  street;”  its  original  name  was 
forgotten  and  it  survives  as  Stone  Street  in  Manhattan  Borough 
to-day. 

The  first  stone  pavements  to  be  laid  in  modern  city  streets  were 
those  formed  of  stones  in  their  natural  condition,  variously  known  as 
boulders,  pebbles  or  cobblestones.  This  kind  of  pavement,  as  well  as 
the  name  of  the  street,  has  been  persistent,  and,  on  account  of  their 
availability  and  cheapness,  these  cobblestones  continued  to  be  used 
in  many  cities  until  within  a very  few  years.  When  they  were  well 
shaped  and  uniform  in  size  they  made  quite  a durable  pavement,  and 
though  rough  and  noisy  were  capable  when  carefully  laid  of  sustaining 
a considerable  traffic.  The  best  of  these  stones  used  in  our  eastern 
cities  were  known  as  water  stones,  and  were  beach  pebbles,  egg- 
shaped,  varying  in  size  from  3 to  8 ins.  in  their  smaller  diameter, 
and  large  quantities  were  formerly  taken  from  Block  Island.  They 
were  laid  as  closely  as  possible  with  their  small  ends  down  on  a 
foundation  of  sand,  the  smaller  stones  in  the  central  part  of  the 
street,  and  the  larger  ones  at  the  sides.  Fortunately  the  better  class 
of  these  stones  are  now  so  scarce,  and  the  poorer  ones  are  so  execrable, 
that  this  type  of  pavement  is  becoming  obsolete,  though  there  are 
many  miles  for  which  more  civilized  pavements  are  yet  to  be  sub- 
stituted. The  next  step  in  advance  was  the  use  of  stone  shaped  to 
uniform  size,  or  approximately  so,  and  with  a more  or  less  smooth 
surface.  This  is  the  pavement  in  most  general  use  to-day,  and  for 
permanency,  and  consequently  cheapness,  cannot  be  surpassed. 
When  first  used  these  blocks  were  quite  large,  and  the  size  has  been 
decreased  until  the  best  stone  pavement  laid  at  the  present  time  in 
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Great  Britain  are  6-in.  cubes,  or  still  smaller,  with  a surface  4 ins. 
square  and  a depth  of  7 ins.  It  is  interesting  to  note  the  hind  of 
block  in  general  use  to-day  in  various  cities,  as  shown  by  the  following 
table : 


Sizes  of  Paving  Blocks  Used  in  Different  Cities. 


Cities. 

Material. 

Length. 

Inches. 

Width. 

Inches. 

Depth. 

Inches. 

Paris 

S.  Gr.  Por. 
Gr.  Por. 

6|  to  8 

K1  71 

Berlin 

7}  to  8 

71 

Ug  LO 

Cubes. 

Kl 

65  to  8 

Magdeburg 

Por. 

Gr. 

Vienna 

71 

24  to  60 

27  i 
29 

71  to  8 
13^ 

Cubes. 

IQ  IQ 

7 

Trieste 

S. 

Por.  S. 

A Ia  id 

Brussels 

l/w  LO  lo 
Kl 

0 to  1U 

a 

Genoa 

Ilf 

0 

Genoa  on  steep  grades 

72 

Barcelona 

o~ 

31  d 

• 3 

Al  71 

Valencia 

0 2 tu  i 

to 

London 

Gr. 

Gr. 

6 

Leeds 

6 

“± 

Cubes. 

7 

Liverpool 

Gr. 

8 to  12 

3 

6 

S.  sandstone,  Gr.  granite,  Por.  porphyry. 


You  will  see  that  those  cities,  notable  for  their  highest  municipal 
development,  have  small  sized,  carefully  cut  blocks  in  the  laying  of 
which  no  expense  is  spared,  and  when  6-in.  cubes  or  a 4-in.  block  7 ins. 
deep  is  specified  it  means  just  that  and  nothing  else  will  be  accepted. 
No  data  could  be  obtained  as  to  pavements  in  St.  Petersburg,  but  it 
is  said  that  Dumas,  upon  his  return  from  that  city,  when  asked  how 
he  had  found  the  streets,  replied,  that  he  had  scarcely  seen  any,  as 
during  the  winter  they  were  covered  with  snow,  and  during  the 
summer  they  were  in  process  of  repair. 

But  stone  pavements  when  most  carefully  laid  and  maintained  are 
noisy  and  unpleasant  to  ride  over,  and  in  these  days  we  can  never 
reconcile  such  a pavement  with  a handsome  residence  street.  I 
experienced  a distinct  shock  when  on  riding  over  Euclid  Avenue,  in 
Cleveland,  last  summer  I found  it  still  paved  with  Medina  sandstone 
blocks,  and  it  seemed  to  me  that  this  famous  street  was  still  living  on 
the  reputation  which  Bayard  Taylor  gave  it  years  ago  as  the  hand- 
somest street  in  the  world. 

In  looking  about  for  something  more  quiet  and  smooth  than  stone 
the  first  material  tried  was  wood.  In  London  the  first  wood  pave- 
ment was  laid  in  the  Old  Bailey  in  1839  and  was  soon  followed  by 
many  others.  None  of  these  pavements  lasted  more  than  seven  years, 
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and  as  they  cost  more  than  granite,  and  were  so  short  lived,  a pre- 
judice arose  against  them,  and  as  they  wore  out  they  were  mostly 
replaced  with  granite,  and  at  the  close  of  the  year  1873  there  were 
only  between  12  000  and  13  000  sq.  yds.  of  the  pavement  in  the 
city.  Since  that  time  wood  pavements  have  become  popular  again 
and  a large  area  is  now  covered  with  them.  The  material  most 
generally  in  use  is  the  Baltic  fir,  though  there  is  quite  a large  amount 
of  Australian  hard  wood  which  is  more  durable.  The  people  of 
London  seem  willing  to  bear  the  greater  expense  and  submit  to  the 
annoyance  of  more  frequent  renewals  for  the  sake  of  the  quiet,  and 
wood  is  certainly  the  least  noisy  of  all  known  pavements. 

Paris  had  in  1891  more  wood  than  asphalt,  the  areas  of  pavements 
of  different  kinds  being  as  follows: 


Kind. 

Square  meters. 

Per  cent. 

Stone 

6 336  900 

73.4 

Wood  

484  900 

5.6 

Asphalt 

301  400 

3.5 

Gravel • 

1 510  200 

17.5 

There  is  a general  impression  that  Paris 

is  a city  of 

beautiful 

asphalt  pavements,  which  is  not  the  case. 

Berlin  also  has  some  wood  pavements,  but  asphalt  seems  more 
popular,  though  by  far  the  greatest  area  is  still  of  stone  pavements. 

It  is  unfortunate  that  the  first  wood  pavements  laid  in  this  country 
were  of  the  Nicholson  block,  which  proved  to  be  short  lived  and  very 
unsatisfactory.  The  first  of  these  blocks  to  be  laid  were  of  yellow 
pine,  but  spruce  was  soon  substituted,  and  a very  inferior  quality  at 
that.  They  were  without  special  treatment  of  any  kind,  were  laid  on 
a course  of  plank,  and  tar  was  then  poured  over  them  in  liberal  quan- 
tities. The  tar  doubtless  formed  a cover  for  sappy  and  otherwise 
defective  wood;  it  simply  closed  the  cells  on  the  exterior  of  the  blocks 
preventing  the  moisture  from  escaping,  and  I have  seen  many  of  them 
which,  when  removed,  could  be  picked  to  pieces  with  the  fingers.  This 
pavement  lasted  but  a few  years  and  was  generally  condemned.  In 
Brooklyn  considerable  of  it  was  covered  with  asphalt,  and  has  resulted 
in  the  most  expensive  of  these  pavements  which  this  city  has  had  to 
maintain.  The  most  durable  wood  pavements  are  those  made  of  the 
hard  woods  of  Australia,  which  are  especially  adapted  to  this  purpose. 
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They  are  mostly  of  the  Eucalyptus  family, — the  red  gum,  blue  gum, 
black  butt,  tallow-wood  and  mahogany.  Mr.  George  W.  Bell  in  a 
pamphlet  published  in  1895  gives  some  remarkable  statistics  as  to  the 
durability  of  these  pavements.  He  cites  the  case  of  George  Street  in 
Sidney,  which  sustains  a very  heavy  traffic,  and  on  which  a wooden 
block  pavement  had  been  in  constant  use  for  over  ten  years  without 
repair  of  any  kind,  when  it  was  relaid  from  open  to  closed  joints,  the 
former  method  of  laying  having  proved  to  be  a rough  pavement.  It 
is  claimed  that  blocks  taken  from  the  middle  of  the  roadway  had  worn 
on  an  average  only  2-8  in.  per  year,  or  less  than  J in.  in  about  11  years. 
Mr.  Bell  states  that  the  report  of  the  City  Surveyor  of  Sidney  claims 
that  one  wood  pavement  on  the  busy  streets  outlasts  three  made  of 
stone  cubes.  It  is  scarcely  probable  that  such  satisfactory  results 
would  be  obtained  in  our  climate.  The  only  piece  of  wood  pavement 
of  this  class  which  has  been  laid  in  this  country  to  my  knowledge  is 
on  Twentieth  Street,  between  Broadway  and  Fifth  Avenue,  in  the 
Borough  of  Manhattan,  New  York  City,  where  in  1896  the  Australian 
“ Kari  ” wood  was  laid.  The  work  was  done  with  the  greatest  care, 
and  the  resulting  pavement  is  certainly  a handsome  one.  ■ When  Fifth 
Avenue  was  repaved  in  1897,  it  was  suggested  that  this  material  should 
be  used,  but,  on  account  of  the  popular  prejudice  against  all  wood 
pavements  and  the  delay  which  would  be  involved  in  obtaining  the 
blocks,  the  idea  was  abandoned. 

When  wood  pavements  are  spoken  of  in  most  of  our  cities  the  tax- 
payer pictures  to  himself  the  round  cedar  block  so  generally  in  use  in 
western  cities.  These  are  used  on  account  of  their  cheapness.  They 
are  usually  laid  on  one  or  two  courses  of  plank.  The  blocks  are  round 
from  4 to  8 ins.  in  diameter,  and  6 ins.  in  depth,  are  set  as  closely  as 
possible  to  each  other,  and  the  joints  are  filled  with  gravel,  after  which 
they  are  usually  poured  full  of  pitch.  Such  a pavement,  when  new, 
is  quite  agreeable  to  ride  over.  It  soon,  however,  becomes  uneven, 
the  defective  blocks  quickly  decay,  the  surface  not  being  impervious 
to  water,  the  wet  foundation  under  a pavement  with  so  little  rigidity 
becomes  soft,  and  the  mud  or  slime  works  its  way  up  between  the 
blocks,  and  the  process  of  decomposition  is  expedited.  We  hear 
sometimes  of  the  floating  pavements  of  Chicago.  These  are  such  cedar 
block  pavements  which  are  said  to  rise  with  the  floods  of  water  filling 
the  roadways  after  heavy  rainfalls,  and  from  specimens  of  the  pave- 
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ment  I have  seen  in  that  city,  considerable  sections  mnst  have  floated 
away.  Similar  cedar  blocks  are  laid  in  Detroit  on  carefully  prepared 
foundations,  and  have  given  satisfactory  results  there  for  from  eight 
to  ten  years.  The  round  block  has  nothing  to  recommend  it  but  its 
cheapness,  and  this  usually  proves  to  be  expensive  economy.  There 
seems  to  be  a revival  of  interest  in  the  rectangular  block  pavement  at 
present.  In  Galveston,  Texas,  creosoted  yellow  pine  blocks  have  been 
laid  for  some  years  with  general  satisfaction.  They  are  laid  directly 
on  the  fine  sand  which  is  water  rammed  so  as  to  be  very  compact. 
The  surface  is  formed  with  great  care  by  a template  to  the  exact  grade 
and  crown,  and  the  joints  are  filled  with  similar  fine  sand.  In  Indian- 
apolis similar  creosoted  blocks  have  been  laid  for  several  years, 
60  000  sq.  yds.  having  been  put  down  during  the  past  season.  It  has 
been  laid  as  closely  as  possible  on  a concrete  foundation,  with  a sand 
cushion  of  1 in.,  and  the  joints  filled  with  paving  cement,  composed 
of  10%  of  refined  Trinidad  asphalt,  and  90%  of  coal  tar  distillate, 
after  which  the  surface  is  covered  with  \ in.  of  clean  coarse  sand,  or 
granite  screenings. 

Improved  wood  pavements  are  a luxury.  They  have  many  points 
of  superiority  over  asphalt.  They  are  so  considered  in  London  where 
their  use  is  continued,  although  they  require  renewal  oftener  than  as- 
phalt and  much  more  often  than  granite.  They  will  undoubtedly  be 
used  more  frequently  in  this  country  when  the  people  are  willing  to  pay 
the  additional  cost  for  the  quiet  and  for  the  freedom  from  the  dust 
and  disagreeable  glare  of  asphalt. 

The  pavement  which  is  to-day,  more  generally  than  any  other, 
superseding  stone  on  all  streets  where  the  traffic  is  not  excessive  nor 
the  grades  extreme  is  asphalt.  It  is  scarcely  necessary  to  attempt  to 
give  a history  of  the  use  of  this  material,  how  its  adaptability  to  pav- 
ing purposes  was  first  discovered  by  the  improved  condition  of  the 
roads  over  which  it  was  hauled  from  the  French  mines  for  use  in 
reservoir  and  tank  linings,  etc.  The  drippings  from  the  carts  were 
observed  to  have  been  compacted  by  travel  until  a smooth,  hard  road- 
way resulted.  The  first  street  to  be  paved  with  it  was  Rue  Bergera  in 
Paris  in  1854,  and  it  was  so  successful  that  in  1858  Rue  St.  Honore 
was  similarly  treated.  An  asphalt  pavement  was  laid  in  Threadneedle 
Street,  London,  in  May,  1869,  and  in  Cheapside  and  Poultry  in  the 
fall  of  1870,  while  in  Berlin  its  use  began  in  1873.  Paris  now  has 
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approximately  410  000  sq.  yds.,  London  215  000.  and  Berlin  1 750  000 
sq.  yds. 

The  laying  of  bituminous  pavements  in  this  country  began  in  1869, 
and  tar  concrete  or  Scrimshaw  was  first  used.  Asphalt  began  to  be 
used  within  the  next  year  or  two,  and  its  popularity  has  been  astonish- 
ing, as  will  be  seen  from  the  fact  that  on  January  1st,  1898,  the  area  of 
this  kind  of  pavement  laid  in  the  United  States  was,  as  nearly  as  could 
be  ascertained,  30  000  000  sq.  yds. 

Buffalo  has  at  present  nearly  4 000  000  sq.  yds.  (or  more  than  all 
the  European  capitals  combined)  and  Washington  had  on  June  30th, 
1897,  2 761  755  sq.  yds.,  of  which  about  433  000  yds.  is  coal  tar  and 
concrete,  and  318  000  are  asphalt  blocks. 

There  is  a notable  difference  between  the  European  and  American 
asphalts.  The  former  may  be  called  natural  and  the  latter  artificial 
pavements.  In  the  former  the  material  as  it  comes  from  the  mine  is 
ground  to  a powder,  heated,  placed  upon  the  foundation  prepared  for 
it,  and  tamped  into  approximately  the  same  condition  as  before  it 
was  disturbed,  though  usually  the  product  of  several  mines  are  mixed 
in  order  to  obtain  the  best  percentage  of  bitumen,  but  nothing  is  added 
to  or  taken  from  the  bituminous  rock.  In  the  pavement  usually  laid 
in  America,  on  the  other  hand,  only  a small  proportion  of  the  material 
is  brought  from  the  asphalt  deposits,  the  principal  part  of  it,  sand, 
being  obtained  near  at  hand.  In  the  one  case  the  cost’of  long  ocean 
or  rail  transportation  has  to  be  paid  on  the  entire  mass  forming  the 
pavement,  while  in  the  other,  this  expense  attaches  to  but  12  to  15% 
of  the  material.  This  is,  of  course,  a great  advantage,  and  at  recent 
prices  it  is  scarely  possible  for  the  European  rock  asphalts  to 
compete  with  the  artificial  ones. 

Information  as  to  the  production  of  asphalt  and  the  way  in  which 
it  is  combined  with  other  materials  to  form  street  pavements  is  now  so 
easily  accessible  that  it  is  scarcely  necessary  for  me  to  take  up  your 
time  by  dwelling  upon  either.  Kecent  specifications  for  such  pave- 
ments are  quite  explicit  in  describing  the  making  of  the  pavement,  but 
it  must  be  admitted  that  municipal  engineers  have  obtained  most  of 
their  knowledge  of  the  subject  from  the  asphalt  companies.  Three  or 
four  years  ago  there  were  scarcely  half  a dozen  chemists  in  the  country 
who  claimed  to  know  much  about  asphalt.  Knowledge  of  the  subject 
was  largely  empirical,  and  most  chemists  will  admit  to-day  that  they 
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cannot  detect  with  any  degree  of  certainty  the  adulteration  of  asphalt 
with  tar  unless  there  is  enough  to  tell  it  by  the  odor.  It  is  difficult 
even  to  describe  it.  Is  it  any  wonder,  then,  that  most  of  our  knowledge 
has  been  gained  from  the  successes  and  failures  of  the  asphalt  paving 
companies  ? 

As  far  as  I know  there  are  but  two  municipal  asphalt  laboratories 
in  the  country  and  they  are  in  Washington  and  Brooklyn.  The 
making  of  an  asphalt  pavement  is  a physical  not  a chemical  operation, 
and  the  chemical  tests  applied  consist  simply  in  analyses  of  the  mate- 
rials used,  before  they  are  combined,  and  the  separation  of  the  paving 
mixture  to  determine  whether  or  not  various  ingredients,  already 
found  to  be  satisfactory,  have  been  combined  in  their  proper  propor- 
tions. At  the  risk  of  telling  you  what  you  already  know,  I will 
briefly  describe  the  making  of  a pavement  from  one  of  the  standard 
asphalts.  The  material  as  found  in  nature  has  this  composition: 


Bitumen 38.14  per  cent. 

Organic  matter,  not  bitumen 7.63  “ 

Mineral  matter 26. 38  ‘ ‘ 

Water 27.85 


100 

or, 

Bitumen  . 52.86  per  cent. 

Organic  matter,  not  bitumen 10.58  “ 

Mineral  matter 36.56  “ 


100 


This  is  refined  (and  the  refining  is  little  more  than  cooking  until 
the  water  has  been  driven  off,  and  some  of  the  mineral  matter  has  set- 


tled), until  it  is  composed  of: 

Bitumen 57.47  per  cent. 

Organic  matter,  not  bitumen 7.05  “ 

Mineral  matter 35.48  “ 


100 

These  are  analyses  of  Trinidad  Pitch  Lake  asphalt  (crude  and 
refined)  by  Clifford  Bichardson,  and  are  particularly  favorable  results 
so  far  as  the  percentage  of  bitumen  is  concerned, 
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Analyses  of  Befined  Asphalts,  Bock  Asphalt,  Asphaltic  Cement 
and  California  Maltha. 

Laboratory  of  Department  of  Highways,  Brooklyn. 


Kind  of  asphalt. 

Total 

bitumen. 

Organic 

matter 

non-B. 

Mineral 

matter. 

Petrolene. 

Sp.  gr. 

Trinidad  Lake 

53.79 

8.74 

35.47 

70.59 

1.39 

Trinidad  Land 

53.72 

9.39 

36.89 

69.10 

1.41 

Bermudez 

94.57 

2.79 

2.64 

77.08 

1.08 

Alcatraz  

84.25 

1.73 

14.02 

71.34 

1.18 

Frp.rwYh  ronk  . 

9.76 

0.78 

89.26 

86.27 

Asphalt  nftmftnt.  . . 

61.10 

7.74 

31.16 

California  maltha... 

99.80 

0.22 

It  should  now  have  the  following  qualities.  It  should  soften  at 
from  189°  to  192°,  and  flow  at  from  200°  to  210°  Fahr.  It  should 
volatilize  from  2|  to  3%  of  oil  in  10  hours  at  a temperature  of  400° 
Fahr.,  and  should  have  a specific  gravity  of  about  1.38. 

Now,  to  each  100  lbs.  of  this  material  there  is  usually  added  about 
18  lbs.  of  heavy  petroleum  oil  as  a flux  (though  a liquid  asphalt  or 
maltha — almost  pure  bitumen — is  now  frequently  used  for  this  pur- 
pose). This  is  petroleum  from  which  the  lighter  oils  have  been 
removed  by  distillation  until  it  has  a specific  gravity  of  18°  (0.945)  to 
22°  (0.92)  Beaume.  It  should  have  a flash  test  of  not  less  than  300° 
Fahr. ; a fire  test  not  less  than  350°  Fahr. ; should  have  no  appre- 
ciable amount  of  matter  volatile  under  250°  Fahr. , and  less  than  10% 
at  400°  in  10  hours.  Now  we  have  the  asphaltic  cement  ready  to  com- 
bine with  mineral  matter.  This  mineral  matter  is  so  selected  that 
when  asphaltic  cement  is  added  at  the  rate  of  about  17  lbs.  of  the 
cement  to  about  83  lbs.  of  the  other,  all  the  particles  will  be  coated 
and  more  could  not  be  added  without  making  the  pavement  too  soft. 
What  is  found  to  accomplish  this  best  is  fine  stone  dust  and  sand. 
The  stone  dust  is  finely  powdered  limestone,  granite  or  quartz,  all  of 
which  will  pass  a 30-mesh  screen,  and  75%  will  pass  a 100-mesh 
screen.  The  sand  should  be  hard  grain,  moderately  sharp  and  clean. 
All  of  it  should  pass  a 10-mesh  screen;  20%,  an  80-mesh,  and  at  least 
7%,  or,  still  better,  10%,  a 100-mesh  screen.  The  asphaltic  cement  and 
sand  are  heated  separately  to  about  300  degrees.  The  stone  dust  is  then 
added  to  and  mixed  with  the  hot  sand  in  proportion  of  5 to  80  in  the 
case  of  fine,  well-graduated  sand,  and  15  to  67  for  coarse  sands,  having 
less  variation  in  size.  The  asphaltic  cement  is  then  added,  and  the 
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materials  are  mixed  to  a homogeneous  mass,  which  is  ready  to  be 
taken  to  the  street.  It  should  reach  there  at  a temperature  not  less 
than  250°,  is  spread  with  hot  iron  rakes  so  as  to  give  usually  a thick- 
ness of  2 ins.  after  consolidation.  After  spreading,  it  is  rolled  with  a 
hand  roller,  after  which  a small  amount  of  hydraulic  cement  is  swept 
over  the  surface,  and  it  is  thoroughly  rolled  with  a steam  roller  of  not 
less  than  10  tons,  the  rolling  to  be  continued  as  long  as  the  roller 
makes  any  impression  on  the  surface. 

I have  not  described  the  foundation,  nor  have  I stated  that  between 
it  and  the  wearing  surface  there  is  generally  laid  what  is  called  a 
binder  course,  1 in.  thick,  and  formed  of  small  broken  stone,  to  which 
has  been  added  asphaltic  cement,  the  same  as  is  used  in  making  the 
wearing  surface.  Six  or  seven  pints  of  this  cement  is  used  to  each 
cubic  foot  of  stone.  Coal  tar  distillate  was  formerly  quite  generally 
used  for  the  binder,  and  is  still  so  used  in  many  places.  The  asphalt 
has  been  used  exclusively  in  Brooklyn  for  the  past  four  years. 

Now  you  will  ask:  “With  so  many  bituminous  substances  occurring 
in  nature,  many  of  which  we  know  to  be  unfit  for  paving,  how  can  you 
tell  that  the  contractor  is  using  one  which  will  make  a good  pave- 
ment?” A few  years  ago  this  question  would  have  been  answered: 
“ The  only  safe  plan  is  to  let  the  contract  to  a reliable  company,  using- 
material  which  it  has  been  clearly  demonstrated  will  made  a good 
pavement,  exact  a guarantee  for  maintenance,  protected  by  sufficient 
security,  and  don’t  worry  about  the  result.”  This  is  rarely  satisfactory 
to  the  engineer,  and  yet  there  is,  or  rather  was,  much  to  be  said  in  its 
favor.  There  is  one  city  which  has  followed  this  advice  to  its  logical 
conclusion,  the  City  of  Akron,  O. 

But  the  municipal  engineer  of  to-day  is  scarcely  satisfied  with  this 
plan.  He  knows  that  there  are  many  sources  of  supply  from  which 
asphalt  suitable  for  paving  can  be  obtained,  and  he  feels  that,  in 
justice  to  the  city  he  serves,  he  should  describe  what  he  wants,  and 
get  the  benefit  of  competition. 

We  must  be  more  specific,  therefore,  than  we  were  when  we  said 
that  the  refined  asphalt  must  contain  55%  of  bitumen,  should  soften 
and  flow  at  certain  temperatures,  etc.  We  must  insist  that  it  show 
toughness  and  ductility.  It  has  been  recognized  for  sixty  years  or 
more  that  the  bitumen,  forming  the  greater  part  of  the  refined  asphalt, 
should  be  subdivided  into  two  substances,  which  are  commonly  called 
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petrolene  and  asphaltene.  It  has  been  found  that  a bitumen  suitable 
for  asphalt  pavement  should  contain  at  least  70%  of  the  former  or 
petrolene,  which  is  supposed  to  give  the  asphalt  its  cementitious 
qualities.  It  is  soluble  in  petroleum  naphtha,  while  the  asphaltene  is 
not.  Our  specifications  should  provide,  therefore,  that  about  70%  of 
the  bitumen  (or  the  portion  of  the  asphalt  found-  to  be  soluble  in 
bi-sulphide  of  carbon)  should  be  soluble  in  petroleum  naphtha  at  72° 
(0.68)  Beaume.  It  has  recently  been  claimed  that  this  determination 
of  the  percentage  of  petrolene  is  incorrect,  as  the  asphaltene  itself 
is  soluble  in  a solution  of  petroleum  naphtha  and  petrolene,  so  that 
chemists  have  shown  several  times  too  much  petrolene.  It  must  be 
admitted,  however,  that  the  relative  amount  of  this  cementitious 
element  can  be  thus  determined,  so  that  this  test  will  answer  our 
purpose. 

Now,  as  to  the  sand  which  forms  so  large  a proportion  of  the  pave- 
ment. The  importance  of  a careful  selection  of  this  material  has  only 
lately  been  fully  appreciated.  An  essential  part  of  the  examination  of 
a specimen  of  asphalt  pavement  is  the  separation  of  the  mineral  matter 
(after  extraction  of  the  materials  soluble  in  bisulphide  of  carbon)  de- 
termining the  percentages  retained  on  sieves  of  different  sizes. 


or  Sand  Used 

foe  Asphalt  Paving  in 
and  1897 — (Dow). 

Meshes  per 

Washington 

in  1894 

square  inch. 

1894. 

1897. 

Retained  on . . . 

20 

4.5% 

2.5% 

6C  66 

40 

40.0% 

21.0% 

6 6 6 6 

60 

32.0% 

35.0% 

6 6 6 6 

80 

9.5% 

8.5% 

6 6 6 6 

100 

6.0% 

10.0% 

Passing  

100 

8.0% 

24.0% 

Mr.  A.  W.Dow,  Inspector  of  Asphalts  and  Cements,  in  the  District  of 
Columbia,  in  a paper  read  before  the  American  Society  of  Municipal 
Improvements  in  October,  brought  out  the  importance  of  this  detail 
very  forcibly.  He  cites  a controversy  had  with  a representative  of  an 
asphalt  company,  who  insisted  that  the  sand  which  was  called  for,  and 
which  was  being  delivered,  would  not  prove  satisfactory,  it  being  at 
the  time  wet  and  cheesy,  so  that  it  could  be  cut  out  in  big  cakes.  It 
was  an  unpromising  mortar  sand,  but  Mr.  Dow  called  attention  to  the 
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fact  that  this  sand,  which  was  finer  than  that  previously  used,  was 
more  strongly  held  together  by  water,  and  explained  that  it  would  be 
held  together  proportionately  stronger  when  the  asphaltic  cement 
occupied  the  voids. 

Sizes  of  Mineral  Matter  Found  in  Some  Brooklyn  Asphalt  Pave- 
ments. 


Percentage  Retained  on  Sieves  of  Different  Meshes  Per  Lineal  Inch. 


10 

20 

40 

60 

80 

100 

Finer  than 
100 

1 

0.05 

8.95 

26.68 

29.16 

9.95 

2.02 

23.19 

2 

0.14 

1.05 

14.21 

50.12 

6.87 

1.18 

26.43 

3 

0.37 

14.44 

54.41 

10.90 

1.58 

18.30 

4 

7\3i 

16.39 

27.70 

24.04 

11.85 

2.44 

10.27 

0.76 

0.80 

0.98 

2.78 

54.63 

15.65 

24.40 

5 was  a rock  asphalt  pavement. 


Very  fine  sand  has  a small  percentage  of  voids,  so  has  sand  so 
graduated  in  size  that  the  smaller  grains  occupy  the  spaces  between  the 
larger  ones.  The  latter,  having  a smaller  aggregate  area  to  be  coated, 
is  preferable  as  it  requires  less  asphaltic  cement.  When  the  masses  of 
the  cement  are  larger  there  is  more  of  a tendency  for  the  grains  to  float 
about  in  it,  and  the  resulting  pavement,  though  made  with  a harder 
cement,  will  be  much  softer,  marking  more  readily  under  traffic  and 
cracking  at  least  as  easily  in  cold  weather. 

I believe  that  under  a specification  framed  on  the  lines  described  we 
can  be  sure  of  getting  material  which  will  make  a good  pavement.  It 
is  certainly  true  that  engineers  should  be  able  to  prescribe  the  method 
of  making  and  laying  an  asphalt  pavement,  and  promptly  detect  and 
correct  any  irregularity  in  the  materials  and  mixtures,  instead  of 
copying  specifications  prepared  by  the  asphalt  companies.  It  is 
claimed  by  some  engineers  (not  those,  however,  who  are  laying  pave- 
ments), that  it  is  unprofessional  to  exact  any  guarantee,  but  that  the 
municipal  engineer  should  himself  assume  all  responsibility,  and  stand 
or  fall  by  the  success  or  failure  of  the  pavement  laid  under  his  direc- 
tion. When  we  are  using  a material  so  variable  as  asphalt,  one 
requiring  such  nicety  in  mixing  and  such  skill  in  handling,  this  view 
seems  to  me  quixotic. 

When  the  general  use  of  asphalt  began  in  Brooklyn,  and  before  the 
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establishment  of  our  own  laboratory  it  required  several  days  to  obtain 
from  the  best  equipped  general  laboratory  a report  showing  the  per- 
centage of  bitumen  in  a sample  of  pavement.  This  report  can  now  be 
obtained  from  our  own  chemist  in  four  or  five  hours. 

The  subject  of  maintenance  of  asphalt  pavements  once  laid  is  an 
important  branch  of  this  subject,  but  in  the  limited  time  allowable  it 
cannot  be  touched  upon.  The  cost  of  maintenance  in  this  country  is 
far  below  that  in  the  principal  European  cities.  It  is  true  they  are  as 
a rule  more  perfectly  maintained  there,  but  the  difference  in  expense 
is  by  no  means  commensurate  with  this  superiority.  The  cost  of  main- 
tenance in  London  has  been  from  15  to  35  cents  per  square  yard  per 
annum,  while  in  Washington  the  cost  for  the  year  ending  June  30th, 
1897,  was  but  three  cents  per  square  yard  of  area  maintained.  This 
may  be  due  in  a great  measure  to  the  generous  width  of  the  streets  of 
the  National  Capital  and  the  fact  that  the  traffic  is  much  lighter  than 
in  European  cities,  but  it  is  certainly  also  due  to  the  excellent 
character  of  the  pavements  laid  there  and  the  economical  methods 
adopted  for  their  maintenance. 

In  other  American  cities— and  this  was  formerly  the  case  in  Europe — 
long  term  contracts  were  made  with  the  original  contractor  for  main- 
taining the  pavements,  or  supplementary  contracts  were  made  for  a 
term  of  years. 

The  contractor  is  in  either  case  obliged  to  estimate  or  rather  guess 
the  amount  of  repairs  which  may  be  necessary.  The  character  of  the 
traffic  may  change  entirely,  and  what  was  a quiet  residence  street  when 
paved,  may,  before  the  expiration  of  the  maintenance  contract,  become 
a busy  thoroughfare.  These  possibilities  must  be  taken  into  account 
by  the  prudent  bidder,  and  he  is  going  to  estimate  on  the  safe  side.  In 
the  District  of  Columbia,  on  the  other  hand,  contracts  for  maintenance 
after  the  expiration  of  the  five  years’ guarantee  are  made  upon  the 
basis  of  the  amount  of  material  used,  which  is  paid  for  by  the  cubic 
foot,  and  the  contractor  is  sure  of  being  paid  for  all  of  the  work  he  is 
called  upon  to  do.  This,  of  course,  precludes  the  exaction  of  any 
guarantee  of  the  material  put  down  under  repairs,  but  with  our 
present  knowledge  of  the  subject  it  should  be  possible  to  detect  any 
irregularity  or  carelessness  and  promptly  correct  it. 

Eor  a dozen  or  more  years  brick  has  been  used  for  street  pavements 
in  West  Virginia,  Ohio  and  Illinois.  Owing  to  the  fact  that  its  cost 
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when  near  the  place  of  production  was  considerably  less  than  asphalt, 
and  as  it  is  much  smoother  than  stone  block  it  became  very  popular 
in  western  cities,  in  many  places  being  laid  on  a sand  foundation  for 
less  than  SI  per  square  yard.  The  West  Virginia  brick  is  made  princi- 
pally of  fire  clay,  while  that  of  Ohio  and  Illinois  is  largely  of  shale. 
The  most  satisfactory  are  those  in  which  a mixture  of  shale  and  clay 
is  used  in  about  equal  parts.  Such  are  the  brick  now  made  at 
Catskill,  which  have  given  good  satisfaction  in  this  city  for  the  past 
two  years. 

Time  will  not  permit  of  a description  of  the  methods  of  manufac- 
turing brick,  nor  of  the  manner  in  which  they  are  tested.  The  laying 
of  the  pavement  is  a very  simple  operation,  a concrete  foundation 
similar  to  that  for  asphalt  being  used  in  the  best  construction.  The 
joints  are  sometimes  filled  with  sand,  usually  with  either  Portland 
cement  grout  or  paving  pitch.  The  cement  grouting,  if  it  can  be 
perfectly  done,  gives  a very  smooth  and  durable  pavement,  if  the 
brick  are  hard  and  of  uniform  quality;  but  it  is  more  noisy,  and  there 
is  sometimes  a very  disagreeable  roaring  noise  noticeable  in  connection 
with  such  pavements.  The  brick  on  one  block  so  laid  in  Brooklyn 
was  renewed  within  a year  and  asphalt  was  substituted,  owing  to  the 
persistent  complaints  of  the  property  owners  who  declared  that  they 
could  not  tolerate  the  noise. 

In  my  judgment  the  pitch  joints  are  worth  the  somewhat  greater 
cost.  This  is  certainly  the  only  filler  which  should  be  used  along  and 
between  street  railroad  tracks.  One  of  the  most  satisfactory  speci- 
mens of  brick  pavement  in  any  eastern  city  is  that  on  Ninth  Avenue, 
between  Thirteenth  and  Fourteenth  Streets,  in  the  Borough  of  Man- 
hattan. This  pavement,  a view  of  which  is  given,  has  been  in  use  for 
about  seven  years;  has  been  subjected  to  heavy  traffic,  and  has  had 
no  repairs.  The  average  paving  brick  contains  about  65%  of  silica,  20 
to  25%  of  alumina,  4 to  8%  of  sesqui-oxide  of  iron,  and  small  amounts 
of  lime  and  magnesia,  the  smaller  the  better. 

One  other  pavement  which  must  be  considered  is  macadam. 
Though  largely  used  in  some  cities  as  a street  pavement,  and  offering 
a most  agreeable  surface  for  driving  when  well  maintained,  its  use 
should,  in  my  judgment,  be  restricted  to  park  drives  and  boulevards 
and  the  suburbs.  It  is  the  most  expensive  of  all  street  surfaces  to 
keep  in  thoroughly  good  condition,  and  upon  ordinary  streets  it  is 


Brick  Pavement,  Ninth  Avenue,  North  of  Thirteenth  Street,  Manhattan,  New  York  City. 


Kings  Highway,  Brooklyn,  New  York  City. 
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rarely,  if  ever,  so  maintained.  The  macadam  or  gravel  streets  of  Paris 
cost  annually  for  general  repairs  (according  to  a report  made  to  the 
State  Department  by  Consul-General  King  in  1891)  from  1.3  to  3.7 
francs,  or  from  26  to  74  cents  per  square  meter,  which  is  more  than  is 
expended  upon  any  other  pavements  in  that  city.  Yet  while  the 
system  of  maintenance  in  France  is  elaborate,  the  force  is  thoroughly 
organized,  and  the  small  economies  of  which  the  French  are  so 
capable  are  exercised  in  this  as  in  all  their  public  works.  Who  would 
venture  to  estimate  the  cost  of  similarly  thorough  maintenance  in  this 
country  under  the  system  generally  prevailing? 

Constant  sprinkling  is  essential,  if  such  roads  are  to  be  well  kept 
up,  and  this  is  a considerable  expense  to  the  city,  and  the  property 
owners  are  never  willing  to  do  it  themselves.  I am  frequently  asked 
to  advise  property  owners,  who  are  anxious  to  have  streets  in  subur- 
ban districts  improved,  as  to  whether  macadam  would  be  preferable 
to  asphalt.  While  feeling  that  it  is  desirable  to  preserve  their 
suburban  characteristics,  and  that  a well  built  and  well  kept  macadam 
pavement  would  not  only  do  this,  but  afford  the  most  agreeable  streets 
for  private  residence,  I feel  obliged  to  recommend  asphalt,  the  first 
cost  of  which  will  be  greater  to  the  property  owners,  but  the  sub- 
sequent expense  of  which  to  the  city  will  be  much  less. 

Macadam  in  the  city,  therefore,  should  only  be  considered  as  a 
temporary  road,  but  is  often  the  only  kind  of  improvement  which  can 
be  properly  recommended.  Such  a road  or  street  will  open  up  new 
districts,  and  greatly  stimulate  building  and  other  improvements. 
When  built  with  this  in  view,  it  should  be  economically  done  with  the 
best  materials  available,  paying  somewhat  more  for  a stone  which  has 
better  wearing  qualities,  rather  than  using  inferior  materials,  though 
close  at  hand.  Do  not  make  your  roads  unnecessarily  wide;  16  to  20 
ft.  will  be  enough.  Use  stone  enough  to  carry  the  loads  which  will 
be  hauled  over  them  without  breaking  through,  but  remember  that 
the  real  value  of  your  road  depends  upon  its  length,  rather  than 
upon  its  depth  or  width.  The  subject  of  road  building  could  properly 
occupy  an  evening  itself.  If  you  wish  to  look  into  it  you  will  find 
quite  a thorough  discussion  of  the  subject  in  the  Proceedings  of  the 
American  Society  of  Civil  Engineers  for  October,  1898. 

Having  superficially  reviewed  the  different  kinds  of  paving 
materials,  let  us  consider  briefly  their  use. 
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The  first  question  to  arise,  where  it  has  been  determined  to  pave  a 
street,  will  be  the  selection  of  material,  or  the  kind  of  pavement  to  be 
laid.  In  determining  this  the  governing  considerations  will  be:  the 
traffic  to  be  sustained,  its  density  and  character,  the  rate  of  grade,  and 
the  presence  or  absence  of  railroad  tracks. 

If  the  traffic  be  very  heavy,  and  the  street  given  up  wholly  to  busi- 
ness, ease  of  traction,  durability  and  economy  of  maintenance  are  of 
first  importance,  while  quiet,  comfortable  riding  and  beauty  can  be 
sacrificed  to  them.  Many  efforts  have  been  made  to  determine  the 
relative  force  required  to  draw  a load  over  different  kinds  of  surface 
under  similar  conditions.  The  following  is  from  a table  compiled  by- 
Mr.  Rudolph  Hering,  from  different  authorities,  the  force  being  that 
necessary  to  move  1 ton  on  a level  grade  at  a speed  of  3 miles  an 

hour : „ 

Kind  of  road.  Pounds. 

Ordinary  dirt  road 224 

Ordinary  cobblestone HO 

Good  cobblestone 75 

Common  macadam • • • 04 

Very  hard,  smooth  macadam 16 

Good  stone  block 45 

Best  stone  block  (London) 36 

Asphalt 17 

Granite  tramway .12^  to  13| 

Iron  railway 3 to  11  £ 


The  traction  tests  made  by  the  office  of  Road  Enquiry  of  the  De- 
partment of  Agriculture  show  somewhat  different  results : 


Kind  of  road. 

Loose  sand — experimental 

Best  clay 

Cobblestone 

Best  gravel — park  road. . 
Poor  block  pavement  .... 

Best  macadam 

Poor  asphalt 


Pounds. 

320 

98 

54 

51 

42 

38 

26 


While  the  first  table  gives  the  results  obtained  by  seven  different 
experimenters  the  latter  is  the  result  of  observations  made  by  one 
person,  so  that  they  should  be  relatively  more  accurate. 


RATE  IN  TONS  PER  HOUR 


SHOWING  TRAFFIC  ON  BEDFORD  AVE.  BETWEEN  HANCOCK  ST.  AND  HALSEY  ST. 


Diagram  of  Traffic,  Bedford  Avenue,  Brooklyn,  January  6-11,  1896. 


Pavement  on  Brooklyn  Bridge. 
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The  tractive  force  as  given  in  these  tables  is  for  a level  road. 
When  grades  are  considered,  the  results  are  qnite  different,  although, 
unfortunately,  there  are  no  statistics  available  by  which  the  materials 
already  considered  can  be  compared.  The  effort  required  for  a horse 
to  haul  1 ton  np  a grade  on  different  kinds  of  pavement  does  not 
vary  as  it  does  on  a level,  as  the  foothold  afforded  by  the  paved  sur- 
face varies  greatly.  The  following  table  given  by  Byrne  in  his  book 
on  Highway  Construction  gives  the  proportion  of  the  load  hauled  on 
a level  which  can  be  moved  by  a horse  up  different  grades  on  four  kinds 
of  surface. 


Grade. 

Earth. 

Stone  blocks. 

Broken  stone. 

Asphalt. 

Level 

1.00 

1.00 

1.00 

1.00 

1 : 

: 100 

.80 

.72 

.66 

.41 

2 : 

: 100 

.66 

.55 

.50 

.25 

3 : 

: 100 

.55 

.44 

.40 

.18 

4 : 

: 100 

.47 

.36 

.33 

.13 

5 : 

: 100 

.41 

.30 

.29  . 

.10 

10  : 

: 100 

.26 

.14 

.16 

.04 

15 

: 100 

.10 

.07 

.05 

20  : 

: 100 

.04 

.03 

The  origin  of  these  figures  is  not  stated,  and  they  are  not  given  as 
authoritative.  According  to  them,  a horse  loses  as  much  power  by 
reason  of  a 1%  grade  on  asphalt,  as  on  a 5%  grade  on  earth,  and  can 
haul  the  same  proportion  of  his  level  load  up  a 15%  grade  on  an  earth 
road  as  on  a 5%  grade  on  asphalt.  This  would  doubtless  be  true  if 
the  asphalt  pavement  were  both  dirty  and  slightly  wet,  while  when 
covered  with  a thin  coating  of  snow,  horses  can  scarcely  stand,  but  it 
does  not  seem  probable  under  ordinary  conditions.  It  is  difficult  to  fix 
a limit  to  the  grade  upon  which  an  asphalt  pavement  should  belaid,  as 
this  will  depend  entirely  upon  the  amount  and  kind  of  traffic  it  will  be 
called  upon  to  sustain.  It  would  probably  be  advisable  to  limit  the 
use  of  European  rock  asphalts  to  grades  of  2%%,  though  on  one  street 
in  Brooklyn  this  material  has  been  placed  upon  a grade  of  4t^%  and 
there  have  been  no  complaints  of  slipperiness.  Artificial  sheet  asphalt 
is  frequently  laid  on  grades  of  6 or  7%,  while  in  Scranton,  Pa.,  part  of 
a street  having  a 12%%  grade  is  so  paved.  It  is  said  that  this  pavement 
was  laid  more  to  keep  traffic  away  from  the  street  than  to  facilitate  it. 
but  that  in  this  respect  it  has  not  been  altogether  successful,  as  the 
public  insist  upon  using  it. 
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The  question  of  durability  occurs  next,  and  the  different  kinds  of 
pavement  which  may  be  considered  for  city  streets  may  be  rated  as 
follows,  it  being  assumed  that  the  traffic  is  not  excessively  heavy : 

Kind  of  pavement 
Best  granite  block  on  concrete 
Granite  block  laid  on  sand  . . . 

Belgian  trap 

Cobblestone 

Asphalt — rectangular  block  . . 

Best  wood — triangular  block  . 

Vitrified  brick 

Macadam 

Cedar  block,  round  on  sand  . . 

Cobblestone  is  given  a life  of  18  years,  and  if  subjected  to  much 
traffic  it  will  not  last  longer.  Its  usual  life,  if  well  laid,  is  greater  than 
this,  for  the  reason  that  no  one  will  drive  over  it  if  there  is  any  other 
street  differently  paved  which  can  be  used.  Rectangular  wooden 
block  pavement  is  rated  at  ten  years,  but  this  is  not  based  upon 
experience  had  with  it  in  this  country,  and  is  considerably  less  than  is 
claimed  for  the  Australian  hard  words. 

The  selection  of  the  kind  of  material  to  be  used  in  paving  any  par- 
ticular street  when  the  character  of  its  traffic  and  other  governing  con- 
siderations are  known  was  fully  discussed  before  this  Club  by  Mr. 
Geo.  W.  Tillson.  To  this  paper  and  to  the  ingenious  and  original 
table  prepared  by  him  as  published  in  the  Proceedings  of  1898,  I will 
refer  you  without  dwelling  further  upon  this  subject. 

Reference  must  be  made  to  that  Ute  noir  of  the  engineer  of  street 
pavements,  the  ubiquitous  surface  railroad  track.  The  difficulty  of 
keeping  our  roadways  in  good  condition  is  greatly  increased  by  the 
presence  of  these  tracks.  They  are  a necessity,  however,  and  the 
development  of  our  cities  depends  more  upon  efficient  systems  of 
transit  in  the  streets  than  upon  any  other  one  thing.  So  it-  is  better 
to  get  along  amicably  with  the  railway  corporations,  if  possible.  It 
has  been  hard  to  make  them  understand  that  they  have  any  respon- 
sibility as  to  the  condition  of  the  pavement  between  and  along  their 
tracks.  In  the  days  of  horse  cars  of  light  weight  almost  anything 
would  do  for  the  track  spaces,  and  a pavement  rough  enough  to  give 


Life  in  years. 

30 

20 

20 

18 

15 

10 

12 

8 

5 


HALF  SECTION  OF  THE  BROADWAY  CABLE  ROAD 


Sections  op  Track  and  Pavement, 
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tlie  horses  a good  foothold  in  starting  the  cars  was  all  that  was 
desired  by  them.  With  the  introduction  of  heavy  electric  cars  the 
track  had  to  be  strengthened,  and  the  companies  are  now  building  in 
the  most  permanent  manner  possible.  The  9-in.  girder  rail  has 
superseded  the  flat  rail  laid  on  wooden  stringers.  Steel  ties  are  being 
substituted  for  wood,  and  the  rails  are  sometimes  laid  on  beams  of 
Portland  cement  concrete,  without  any  ties,  and  are  kept  to  gauge  by 
tie- bars  between  them,  or  by  angles  secured  to  the  lower  flange. 
Grooved  rails  are  gradually  being  substituted  for  side  and  center 
bearing,  although  the  companies  have  generally  strongly  opposed 
them  until  compelled  to  use  them,  when  they  have  discovered  that 
there  was  no  objection  to  this  section  from  the  railroad  standpoint. 
Along  the  best  built  tracks  in  New  York  City,  and  where  the  pave- 
ment has  been  laid  with  the  greatest  care,  the  ruts  will  develop 
within  a few  months,  while  the  condition  of  the  track  pavements  in 
connection  with  some  of  the  old  stringer  rails  was  simply  disgraceful. 

This  has  been  but  a superficial  and  very  general  view  of  the  subject 
of  street  paving, — nothing  more  ambitious  than  its  title  would  indicate, 
— “some  notes  on  paving  material  and  their  use.”  It  may  have  sug- 
gested more  than  it  has  expressed,  and  drawn  attention  to  the  increas- 
ing importance  of  this  branch  of  municipal  work,  long  left  to  so-called 
practical  men  who  were  entirely  without  scientific  training.  Keally 
technical  work  along  these  lines  is  only  beginning.  The  trained  engi- 
neer is  each  year  being  called  upon  to  take  a more  important  part  in 
the  renovating  and  rebuilding  of  our  city  streets.  He  is  now  fre- 
quently placed  in  administrative  positions  which  were  formerly  con- 
sidered political.  His  opinions  and  reports  are  treated  with  greater 
respect. 

A vast  amount  of  such  work  remains  to  be  done,  not  only  at  home, 
but  especially  in  the  tropical  cities  of  the  islands  which  have  recently 
been  added  to  our  domain.  The  first  lessons  to  be  taught  their  people 
are  cleanliness  and  a proper  regard  for  sanitary  conditions,  and  these 
are  no  more  dependent  upon  a wholesome  water  supply  and  good 
drainage  than  upon  well  paved  and  thoroughly  cleansed  streets.  I 
doubt  if  the  former  are  such  potent  factors,  as  well  paved  and  well 
cared  for  streets  furnish  an  object  lesson  which  they  who  run  may 
read. 


74 


DISCUSSION  ON  STREET  PAVING  MATERIALS. 


The  President. 


Mr.  Cranford. 


DISCUSSION. 


The  President. — Mr.  Lewis’s  paper  is  now  before  you  for  discus- 
sion, and  I think,  as  probably  the  most  interesting  part  of  the  paper 
was  on  asphalt  streets,  and  we  have  with  us  to-night  a representative 
of  the  company  mentioned  by  Mr.  Lewis  as  haying  laid  the  first 
bituminous  pavement  in  the  world,  I will  ask  Mr.  Cranford  to  say 
something  about  asphalt  pavements. 

Mr.  W.V.  Cranford. — Mr.  President  and  gentlemen:  I must  confess 
to  some  trepidation  when  Mr.  Lewis  called  me  up  this  morning  about 
11  o’clock,  and  asked  me  if  I wouldn’t  give  you  an  account  of  the  early 
history  or  origin  of  bituminous  concrete  pavements  in  this  country. 

I find,  however,  that  Mr.  Lewis’s  very  excellent  paper  rather  confines 
my  account  of  this  history  to  the  very  short  period  extending  between 
1865  to  1870.  About  1865  an  uncle  of  mine,  Mr.  H.  L.  Cranford,  was 
engaged  in  the  coal  mining  business  in  Lockhaven,  Pa.,  and  there 
became  acquainted  with  a man  named  Scrimshaw,  who  was  a visionary 
sort  of  a fellow*,  without  any  particular  business,  and  one  of  these  men 
that  are  to  be  found  in  nearly  all  communities,  depending  on  his  wits 
for  a living. 

Like  almost  all  towns  at  that  time,  especially  small  towns,  Lock- 
haven  lacked  any  pavements.  There  were  simply  dirt  roads,  largely 
clay,  which  in  wet  weather  were  almost  impassable,  especially  to  foot 
passengers.  This  man  Scrimshaw,  in  hunting  around  for  ways  and 
means  to  make  a living,  devised  or  discovered  what  has  since  become 
known  as  Scrimshaw  pavement.  It  was  used  in  Lockhaven  solely 
for  making  crosswalks  across  the  streets,  and  was  made  at  that  time  of 
coal  tar  and  sand,  mixed  with  coal  dust  from  the  coal  mines.  This 
uncle  of  mine  observed  how  these  substances  acted  under  varying 
weather  conditions  and  wear,  and  called  my  father’s  attention  to  it, 
who  went  to  Lockhaven  to  examine  samples  of  “work  that  were  there 
and  get  into  communication  with  Mr.  Scrimshaw.  The  result  was  that 
the  Scrimshaw  Paving  Company  was  organized,  and  an  effort  made  to 
introduce  that  class  of  pavement  into  the  City  of  Brooklyn. 

Mr.  Cranford  soon  interested  Mr.  J.  J.  Stranahan,  at  that  time  one 
of  the  Park  Commissioners  and  one  of  Brooklyn’s  leading  citizens,  in 
this  method  of  laying  pavements,  and  obtained  his  consent  to  lay  what 
was  probably  the  first  piece  of  bituminous  asphalt,  or  bituminous  con- 
crete pavement,  laid  in  this  country.  This  was  laid  in  Prospect  Park, 
in  the  East  Driveway,  just  to  the  south  of  where  the  boathouse  now  is. 
Belies  of  that  pavement  were  there  until  a few  years  ago,  when  the 
whole  road  was  re-macadamized. 

The  following  year  Diamond  Street,  a view  of  which  you  saw  on 
the  screen,  was  paved  by  Mr.  Cranford.  At  that  time  he  used  simply 
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coal  tar  as  a foundation,  and  laid  about  3 ins.  of  binder  course,  Mr.  Cranford, 
which  was  composed  of  gravel  running  from  the  size  of  an  egg  down 
to  the  size  of  a hazel  nut.  That  was  rolled  by  hand  with  stone  rollers. 

Then  came  a wearing  surface  of  sand  and  coal  tar.  The  coal  tar  which 
we  used  at  that  time  was  obtained,  I think,  from  the  Citizens’  Gas 
Company  in  Brooklyn  (and  the  gas  that  they  made  was  from  English 
coal),  of  uniform  quality  and  good  material  for  making  pavements,  no 
other  flux  being  used,  except  to  get  the  tar  to  a consistency  which 
would  be  elastic  and  durable. 

I think  it  was  in  1869,  after  that,  that  a portion  of  Bedford  Avenue 
was  paved  in  the  same  manner.  There  we  used  a somewhat  different 
method  of  procedure  in  the  foundation.  The  street  was  graded,  and 
we  used  cobblestones  there.  The  interstices  between  the  cobblestones 
were  filled  with  gravel,  and  the  surface  was  covered  with  sand  and 
rolled  by  hand  and  horse-power  at  that  time.  About  the  time  that 
Bedford  Avenue  was  paved,  the  supply  of  tar  made  from  this  kind  of 
coal  became  exhausted.  We  then  got  a very  variable  quality  of  tar, 
and  we  never  could  tell  what  one  cargo  was  going  to  be,  hard  or  soft, 
or  whether  it  would  make  a good  or  a bad  pavement.  As  a consequence, 
this  kind  of  pavement  fell  into  disfavor,  and  it  w^as  at  this  time  that 
the  problem  of  finding  some  substitute  which  would  be  more  uniform 
was  taken  up.  Then  it  was  that  asphalt  came  into  use.  Mr.  Lewis’s 
paper  discussed  the  period  after  this,  and  I fear  that  my  remarks  on 
the  old  bituminous  pavements  will  not  add  very  materially  to  the 
discussion. 

The  President. — About  a year  ago  one  of  our  members  gave  us  a The  President, 
long  talk  on  asphalt  pavements.  I do  not  suppose  he  told  us  all  he 
knew  at  that  time,  and  w~e  happen  to  be  aware  that  he  knows  a few 
more  things  upon  the  same  subject.  Mr.  Vail  has  spent  many  months 
in  Europe  and  has  had  an  opportunity  to  see  for  himself  some  of  the 
methods  of  paving  there,  and  knows  something  about  what  the  folks 
over  there  think  on  the  subject  of  pavements.  We  would  like  very 
much  to  hear  from  him  on  those  subjects. 

Mr.  E.  N.  Vail. — Mr.  President  and  gentlemen:  I am  afraid  that  I Mr.  Vail, 
have  not  very  much  to  add  to  Mr.  Lewis’s  paper  on  the  subject  of 
asphalt,  although  I noticed  last  year  in  Scotland  and  elsewhere  a rather 
interesting  revival  of  the  tar  pavements.  A new  material,  or  what  they 
consider  a new  material,  called  tar  macadam,  is  being  used  quite  exten- 
sively for  light-traffic  streets.  It  is  composed  simply  of  sand,  gravel 
and  broken  stone,  running  from  dust  to  about  \ in.  in  diameter,  and 
coated,  I think,  with  tar.  Of  course,  the  tar  they  get  there  is  of  the 
kind  that  Mr.  Cranford  said  was  used  in  the  earliest  pavements.  It  is 
a very  good  quality  of  coal  tar  pitch,  used  by  chemical  workers  there 
in  the  refining  of  the  crude  material  which  they  get  from  the  gas  com- 
panies. The  pavement  is  laid  by  a man  named  Walker,  who  has  a 
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Mr.  Vail,  large  chemical  works.  He  has  introduced  it  under  the  title  of  Walker’s 
Tar  Macadam. 

That  pavement,  which  is  practically  the  same  as  the  first  bitumin- 
ous pavements  laid  in  this  country,  has  been  introduced  in  the  last 
three  years  into  Great  Britain,  and  is  being  used  quite  extensively  by 
small  towns,  and  even  by  some  large  towns  for  alleys  and  residence 
streets  with  light  traffic.  Some  give  fairly  good  results.  It  is  laid  to 
the  depth  of  about  6 ins.,  the  top  inch  being  rather  finer  tlian  the 
under  5 ins. 

Outside  of  that  I did  not  notice  very  much  in  regard  to  the  method 
of  laying  asphalt  there,  which  is  practically  the  same  as  the  method 
used  here  for  laying  rock  asphalt,  and  which  give  very  good  results 
indeed.  London  asphalt  pavements,  particularly,  are  standing  traffic 
which,  certainly,  no  asphalt  pavements  in  this  country  have  been 
expected  to  stand.  Whether  they  could  or  not  is  another  question, 
although  I doubt  myself  whether  our  asphalt  pavements  would  stand 
the  heavy  traffic  that  rock  asphalt  does. 

I would  like  to  emphasize  what  Mr.  Lewis  said  in  regard  to  the 
superiority  of  their  stone  pavements.  There  is  no  comparison  what- 
ever between  them,  particularly  as  regards  depth,  and  I am  of  the 
opinion  that  the  stone  is  of  a harder  quality  and  more  fit  to  stand 
traffic  than  the  granite  used  here,  although  as  to  that  point  I am  not 
quite  sure.  They  lay  a 6-in.  concrete  foundation  as  a rule.  In  some 
cases,  I think,  they  lay  8 ins.,  and  they  smooth  that  foundation  over 
with  about  ^ to  1 in.  of  mortar,  composed  of  sand  and  cement,  without 
any  stone,  and  the  surface  is  absolutely  smooth.  They  then  place  their 
blocks  as  closely  as  they  possibly  can  on  the  concrete,  without  using 
any  sand,  as  that  is  not  necessary.  A pavement  of  that  kind  stays 
exactly  the  way  it  was  put  down  until  the  stones  become  so  round  as 
to  be  dangerous.  Then  they  remove  them  as  a rule,  and  use  them 
upside  down  on  a less  important  street.  In  some  cases,  where  rect- 
angular blocks  have  been  used,  they  run  in  lengths  of  10  to  13  and  14 
ins. , and  they  break  the  blocks  in  two  and  dress  them  to  a cube.  Those 
stone  cubes  are  used  on  streets  that  are  not  very  important,  and  I 
think  the  very  best  practice  in  London  is  to  use  cubes,  as  Mr.  Lewis 
said,  in  the  first  instance,  though  in  Glasgow  they  did  not.  They  used 
the  rectangular  blocks  in  the  first  place. 

In  regard  to  the  street  railway  track,  I think  that  they  have  in  a 
measure  solved  the  difficulty  over  there,  in  this  way.  I cannot  at 
present  remember  any  street  on  which  there  is  a railroad  track  which 
is  paved  with  any  other  material  than  stone,  with  the  exception  of  one 
street,  which  was  paved  last  year  in  Glasgow  with  asphalt,  and  in 
that  case  we  put  a row  of  stone  on  each  side  of  the  rail.  But  their 
stone  block  pavements,  even  those  that  have  seen  ten  or  twelve  years’ 
service  on  very  heavy  traffic  streets,  show  no  sign  of  rut  next  the  rail, 
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nor  any  unevennesses.  That  is  partly  owing  to  the  fact  that  up  to  the  Mr.  Vail, 
past  couple  of  years  only  horse  cars  have  been  used  there,  and  the  rail 
has  not  had  to  be  disturbed  to  fix  joints  as  often  as  is  necessary  here. 

There  they  lay  the  rail,  as  a rule,  directly  on  the  concrete— that  is  the 
present  practice  in  Glasgow— using  a rail  with  a rather  wide  base, 
and  then  putting  on  another  layer  of  concrete,  which  covers  up  the 
foot  of  the  rail  and  rtins  up  on  the  web  side.  Then  they  lay  their 
stone,  but  on  each  side  of  the  rail  they  alternate  a stone  block  with  a 
chilled  steel  block  casting  4J  ins.  square,  and  roughened  on  top  to 
prevent  slipperiness.  The  block  is  cast  hollow,  in  order  to  save  mate- 
rial. The  alternating  stone  block  is  of  the  regular  size  that  they  use 
on  the  rest  of  the  street.  That,  with  the  width  of  the  rail,  gives  you 
practically  a steel  construction.  I do  not  know  the  width  of  the  rail, 
but  suppose  it  is  about  3^-  ins.,  including  the  top  and  the  groove,  and 
then  ins.  on  each  side  gives  you  9 ins.,  say  a 12-in.  strip.  That 
prevents  a rut  from  forming  directly  next  to  the  rail,  and,  consequently, 
prevents  vehicles  from  following  in  that  rut  after  it  is  formed  and 
making  the  rut  worse  every  time  a wagon  turns  out.  It  would  appear 
possible  that  a rut  would  form  on  the  outside  of  that  steel  block,  but 
that  does  not  seem  to  be  the  case.  Certainly  their  pavement  comes 
up  flush  to  the  rail,  and  shows  absolutely  no  sign  of  groove  on  either 
side.  That  I noticed  on  all  the  street  railways  in  Glasgow,  and  what 
few  there  are  in  London,  and,  also,  in  Edinburgh,  where  in  some  cases 
they  use  the  steel  block,  not  alternating  the  stone  block,  but  touching 
each  other  all  the  way  down  the  rail.  I think  that  that  idea  is  worth 
considering,  and,  possibly,  might  be  worth  trying  on  a small  scale  in 
some  towns.  It  wouldn’t  cost  very  much  to  make  the  castings,  and 
the  pattern  could  be  obtained  from  Glasgow.  There  they  don’t  think 
of  putting  down  a pavement  where  tliere  is  car  traffic  without  using  it. 

Mr.  Geokge  W.  Tillson.— I do  not  know  that  I can  add  anything  Mr.Tillson 
that  will  be  of  any  particular  interest,  except,  possibly,  one  thing. 

Within  the  last  few  days  there  has  been  called  more  particularly  to 
my  notice  than  before  a new  bituminous  pavement,  which,  if  it  is  as 
successful  as  the  promoters  seem  to  think  that  it  may  be  now,  may  do 
probably  what  would  seem  a very  strange  thing— bring  us  back  from 
asphalt  "to  coal  tar  pavements.  Within  the  last  four  or  five  years  a 
company  has  been  organized  to  use  what  they  call  “ Asphaltina.  It 
is  made  of  coal  tar,  resin  and  sulphur.  Ten  thousand  yards  of  this 
pavement  has  been  down 'in  Worcester,  Mass.,  for  four  years,  and  a 
representative  of  the  company  told  me  that  it  is  in  as  good  condition 
now  as  it  was  when  it  was  laid. 

Advocates  of  such  a pavement  as  that  have  a great  deal  to  overcome 
in  establishing  it,  because  the  people  who  are  engaged  in  the  asphalt 
business,  and  all  city  officials  who  have  had  anything  to  do  with 
asphalt,  or  bituminous  pavements,  are  very  much  prejudiced  against 
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Mr.  Tillson.  any  material  that  contains  coal  tar,  on  account  of  the  ill  success 
which  the  original  coal  tar  pavements  have  had.  As  I said  before,  if 
this  is  a success  and  we  do  come  back  to  laying  coal  tar  pavements — - 
although  to  be  candid  about  it,  I do  not  think  it  is  hardly  probable — 
it  would  seem  very  strange. 

It  may  possibly  be  of  interest  to  know,  while  bituminous  pavements 
have  been  laid  in  this  country  now  for  nearly  thirty  years,  how  much 
of  it  has  been  laid  in  the  last  eight  or  ten  years.  I shall  simply  give 
a few  figures,  and  give  them  very  quickly,  as  to  the  pavements  of 
Philadelphia,  New  York  and  Brooklyn. 

In  1884,  the  pavements  of  Philadelphia  consisted  of  a little  over 
9 000  000  yds.  of  cobblestone,  654  000  yds.  of  granite,  and  25  000  yds. 
of  asphalt.  I am  giving  the  figures  in  round  numbers.  This  made 
93%  of  cobble,  6|%  of  granite  and  ^ of  1%  of  asphalt.  At  the  present 
time,  Philadelphia  probably  has  the  most  paved  streets* of  any  city  in 
the  country,  excepting  Greater  New  York  itself.  On  the  first  of  Janu- 
ary, 1898,  it  had,  in  round  numbers,  1 000  miles  of  paved  streets.  Of 
that  1 000  miles  the  asphalt  was  nearly  200  miles,  where  fourteen  years 
ago  it  had  only  25  000  yds.,  which  was  about  lb  miles.  Of  granite  block 
it  had  344  miles;  while  the  granite  that  I gave  you  for  1884  was,  I think, 
Belgian — that  is  square  block,  but  made  of  granite.  That  shows  the 
amount  of  new  pavement  in  Philadelphia. 

In  New  York  City  proper,  that  is,  Manhattan  and  the  Bronx 
boroughs,  in  1890  there  were  100  miles  of  granite;  131  miles  of  Bel- 
gian; 67  miles  of  what  they  called  specification  trap  — that  is,  of  the 
oblong  blocks,  which  are  practically  the  size  of  granite  blocks;  25  miles 
of  square  granite— that  is  Belgian;  25  miles  of  macadam,  and  of  the 
rest,  a very  small  amount,  3J  miles  of  asphalt.  Now  they  have  about 
143  miles  of  asphalt  which  they  have  laid  within  the  last  eight  years. 
They  have  increased  from  3 miles  to  143  miles.  The  total  mileage  of 
pavements  in  Manhattan  and  the  Bronx  boroughs  now  is  about  550, 
and  with  the  amount  that  we  have  in  Brooklyn,  together  with  Queens 
and  Richmond,  will  bring  it  up  for  Greater  New  York  about  1 720  miles, 
including  all  macadam. 

In  Brooklyn  in  1890  we  had  280  miles  of  cobble,  22  miles  of  Belgian, 
55  of  granite,  and  8 of  asphalt.  At  the  present  time  we  have  238  miles 
of  cobble,  reduced  from  280,  45  of  Belgian,  113  of  granite,  and  66  of 
asphalt  (while  of  the  latter  we  had  about  9 miles  in  1890),  73  of 
macadam,  and  a trifle  less  than  4 miles  of  brick. 

The  point  that  I wish  to  make  is  that  nearly  all  of  what  we  to-day 
call  the  improved  pavements  of  America  have  been  laid  in  the  last  ten 
years.  Our  first  granite  on  concrete  in  this  country  has  only  been 
down  about  ten  years. 

Mr.  strachan.  Mr.  Joseph  Strachan. — I would  like  to  ask  Mr.  Lewis  what  success 
the  Department  of  Highways  has  had  in  laying  asphalt  on  cobble  as  a 
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foundation.  I think  that  Montague  Street  a number  of  years  ago  was  Mr.  Strachan. 
paved  in  that  way.  I know  that  portions  of  Hancock  Street  were  also 
paved  in  that  way,  and  this  latter  street  seems  to  be  in  pretty  fair  con- 
dition to-day,  with  the  exception  of  some  ruts  that  are  due  to  the 
laying  of  a sewer. 

* Mr.  N.  P.  Lewis.— I will  say  that  I consider  Brooklyn  has  had  very  Mr.  Lewis, 
excellent  results  in  laying  asphalt  over  cobblestones.  Up  to  four  years 
ago  we  never  thought  of  doing  anything  else,  and  it  was  really  only 
when  we  commenced  to  pave  streets  with  asphalt  which  had  been  laid 
with  cobblestone  within  the  last  fifteen  or  twenty  years,  where  boulders 
had  been  used  of  such  a size  that  they  could  not  be  removed  from  the 
street  without  breaking  or  blasting,  that  we  found  that  the  uneven- 
esses  were  so  great,  and  required  such  a large  amount  of  binder,  that 
we  broke  up  these  large  stones  and  made  concrete  of  them.  We  paved 
State  Street  two  years  ago  over  the  cobblestone  with  excellent  results; 
but  when  you  have  got  to  take  up  the  entire  roadway  where  there  are 
these  enormous  stones,  and  relay  it,  I do  not  think  it  pays.  Our 
practice  is  now  to  remove  most  of  the  cobble,  but  where  we  find  stone 
block  we  lay  asphalt  over  it.  We  do  not  take  up  stone  blocks  and 
substitute  concrete. 

Mr.  H.  B.  Seaman. — I would  like  to  ask  Mr.  Lewis  in  regard  to  Mr.  Seaman, 
using  large  blocks,  whether  the  larger  blocks  are  not  used  where  we 
have  inferior  subsoil.  They  use  such  block  in  New  Orleans,  and  I 
imagine  it  may  be  the  case  in  some  European  cities.  Is  that  not  the 
real  reason  for  its  use? 

Mr.  N.  P.  Lewis. — I think  it  was  originally,  Mr.  Seaman,  but  of  Mr.  Lewis, 
course,  with  improved  pavements,  we  ought  to  lay  a concrete  founda- 
tion under  the  blocks.  Large  stones  are  so  extremely  slippery  that 
it  is  certainly  better  to  take  chances  of  a little  settlement,  I think. 

Where  the  soil  is  seepy  we  can  certainly  by  putting  in  4,  5,  or  6 ins. 
of  sand  or  gravel,  get  a sufficient  wearing  surface  for  rectangular 
block,  even  if  that  block  is  8,  9 or  10  ins.  long,  and  only  4 ins.  deep. 

In  the  old  pavement  on  Broadway,  back  in  the  thirties,  or  later  than 
that,  extremely  large  blocks  were  used,  8 x 12  ins.,  and  even  more 
than  that. 

Mr.  Joseph  Stkachan. — What  is  the  approximate  saving  per  square  Mr.  strachan. 
yard  between  laying  asphalt  on  a fair  cobblestone  pavement,  and 
laying  it  on  a concrete  foundation  ? 

Mr.  N.  P.  Lewis. — Well,  if  all  the  pavement  has  to  be  taken  up,  Mr.  Lewis, 
and  relaid,  as  it  usually  has,  the  difference  in  laying  asphalt  over  the 
old  stone  pavement  will  probably  be  35  cents  per  square  yard.  That 
allows  about  25  to  30  cents  per  square  yard  for  taking  up  and  relay- 
ing the  old  stone  pavement;  while  if  that  were  removed  and  broken 
up  into  concrete,  the  corresponding  cost  of  concrete  would  be  65 
cents  per  square  yard. 
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Mr.  Strachan.  Mr.  Joseph  Strachan. — Do  you  not  sometimes  simply  brush  off 
the  cobblestones  with  wire  brooms,  and  clean  out  the  spaces  between 
the  stones  ? 

Mr.  Lewis.  Mr.  N.  P.  Lewis.— Not  of  recent  years,  in  my  experience  in  the 
Department.  I do  not  think  we  have  ever  laid  a street  with  asphalt 
where  we  have  relaid  less  than  60,%  of  the  cobblestone.  We  got  off 
about  as  easily  on  Carlton  Avenue  as  we  did  anywhere,  and  I think 
we  did  save  half  there.  We  put  in  2 or  8 ins.  of  extra  binder,  for 
which  we  had  to  compensate  the  contractor,  in  order  to  get  any  sort 
of  cross-section.  It  really  cost  us  about  as  much  as  if  we  had  relaid 
them.  We  thought,  however,  that  we  were  getting  a better  job  by 
using  binder,  and  not  disturbing  the  pavement,  which  certainly  had  a 
solid  foundation  after  being  there  thirty  years. 

Mr.  Tenney.  Mr.  W.  R.  Tenney. — I would  like  to  ask  Mr.  Lewis  if,  in  his  investi- 
gation of  pavements  in  foreign  cities,  he  looked  into  the  traffic  in 
those  cities,  and  if  he  did  not  find  that  the  traffic  was  very  light  as  a 
rule,  and  that  the  use  of  those  large  stones  was  probably  on  account 
of  the  smoother  surface,  and  not  due  to  anything  in  the  shape  of  the 
foundation.  I have  always  supposed  they  were  used  for  that  reason, 
as  the  traffic  in  most  continental  cities  is  very  light. 

Mr.  Lewis.  Mr.  N.  P.  Lewis. — I have  always  regarded  that  class  of  pavements 
in  some  European  cities  as  simply  conservatism  of  the  old  world  in 
laying  the  same  kind  of  pavements — in  fact  the  only  kind  of  pave- 
ments people  knew  anything  about  at  that  time.  Small  blocks  are 
better.  In  Southern  Europe  they  haven’t  found  that  out,  but  they  are 
using  now  what  they  used  thirty  or  forty  years  ago.  I don’t  believe  it 
is  because  traffic  is  light,  but  because  all  pavements  were  laid  there  in 
that  way.  Either  traffic  isn’t  great  enough,  or  they  are  not  progressive 
enough  to  put  on  anything  better. 

Mr.  Tillson.  Mr.  George  W.  Tills  on. — I think,  Mr.  President,  that  that  is  the 
'real  solution  of  the  problem.  It  has  just  been  the  natural  develop, 
ment  of  the  paving  block.  All  of  the  first  pavements,  of  course,  were 
laid  with  stone  of  the  size  that  came  out  naturally.  Then  they  cut 
them  square,  and  of  pretty  good  size,  and  it  has  been  the  tendency  of 
the  paving  block  to  grow  smaller.  London  to-day  is  probably  using 
the  smallest  granite  block  of  any  city  in  the  world.  Their  present  gran- 
ite specification  calls  for  block  that  shall  not  be  more  than  3 ins.  wide 
and  9 ins.  deep.  I do  not  think  the  question  of  foundation  has  any- 
thing to  do  with  it.  The  first  pavement  laid  in  New  Orleans  was 
cobblestone,  and  was  very  successful,  and  they  were  quite  surprised 
to  find  that  cobblestone  would  stand  as  well  as  it  did  with  that  soil. 

Mr.  Vail.  Mr.  F.  N.  Vail. — I noticed  a case  in  point  in  Sheffield  where  all  the 
streets  were  paved  with  the  regulation  stone,  except  one  down  in  the 
manufacturing  district  — a perfectly  flat  street,  where  I found  very  large 
stones  used — I should  say  in  some  cases,  possibly  3 ft.  square.  That 
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street  was  pointed  out  to  me  by  the  City  Engineer  as  one  we  could  Mr.  Vail, 
experiment  with  if  we  wanted  to,  and  I was  a little  suspicious  of  it.  I 
asked  him  what  kind  of  traffic  they  had.  He  said  they  had  very  little 
horse  traffic  over  it;  that  they  hauled  heavy  castings  by  means  of 
traction  engines  — about  40  tons.  I told  him  I did  not  want  it;  but  he 
told  me  these  large  stones  were  the  only  thing  they  could  keep  on  the 
street  at  all — blocks  running  from  2 to  8 ft.  square  and  about  a foot 
thick  that  they  put  down  on  top  of  the  concrete.  It  made  a very 
smooth,  nice  street. 

The  President. — Isn’t  it  a fact,  Mr.  Lewis,  that  most  brick  streets  The  President, 
get  a bad  reputation  from  chipping  a great  deal  during  the  first  year? 

Mr.  N.  P.  Lewis. — I thought  at  the  end  of  three  months  that  every-  Mr.  Lewis, 
body’s  reputation  who  had  anything  to  do  with  the  first  brick  pave- 
ment laid  in  Brooklyn  would  be  ruined,  and  that  the  brick  would  all 
go  to  pieces.  But  after  the  chipping  had  gone  on  for  three  months  it 
apparently  stopped,  and  stayed  in  about  that  same  condition  for  the 
next  two  or  three  years.  Our  experience  with  brick  has  been,  I sup- 
pose, approximately  that  of  other  cities.  It  is  not  such,  however,  as 
to  warrant  us  in  thinking  that  we  can  lay  it  on  any  street  where  there 
is  going  to  be  any  traffic  at  all. 

Mr.  D.  F.  Carver. — I have  often  thought  that  below  the  surface  Mr.  Carver, 
of  granite  and  asphalt  pavements  there  must  be  a considerable 
amount  of  sewer  gas.  I have  observed  that  this  gas  comes  out 
through  the  cracks  in  the  stones,  unless  the  pavement  is  absolutely 
air-tight.  I have  often  wondered  whether  the  asphalt  pavement  had 
a tendency  to  force  that  sewer  gas  off  into  the  houses  of  the  abutting 
property  owners. 

Mr.  N.  P.  Lewis. — I do  not  know  whether  I can  answer  that  ques-  Mr.  Lewis, 
tion  or  not.  I have  not  heard  of  any  complaints  of  this  kind  after  an 
asphalt  pavement  has  been  laid. 

The  President. — Isn’t  it  a fact  that  the  houses  are  about  as  well  The  President, 
protected  by  their  watertight  cellar  floors  and  walls  as  the  streets  are 
by  the  asphalt  covering,  and  that  the  escape  of  gas  would  have  to  be 
through  the  yards,  etc.,  and  not  inside  the  houses. 

Mr.  N.  P.  Lewis. — The  area  inside  the  curb  line,  which  is  gener-  Mr.  Lewis, 
ally  unpaved,  would  be  amply  sufficient  to  allow  it  to  get  out. 

Mr.  E.  J.  Fort. — With  regard  to  the  laying  of  asphalt  pavements  Mr.  Fort, 
next  to  the  street  railway  tracks,  I believe  that  the  reason  for  a good 
deal  of  the  rut  on  a street  railway  track  is  caused  by  the  fact  that  the 
asphalt  is  finished  altogether  too  low.  When  it  is  raked  out  before 
the  rolling  is  done,  it  is  raked  almost  down  to  the  level  of  the  track. 

The  roller  comes  along  and  runs  back  and  forth  on  the  rail,  and  the 
asphalt  next  to  the  rail  gets  little  or  no  compression.  I noticed  a 
little  piece  of  asphalt  laid  on  Court  Street  by  the  Brooklyn  Alcatraz 
Asphalt  Company,  where,  either  by  accident  or  intention,  the  surface 
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Mr.  Fort,  was  finished  about  5 in.  above  the  rail,  and  so  far  it  has  stood  remark- 
ably well.  I believe  a great  improvement  would  be  made  in  laying 
all  asphalt  in  that  way,  finishing  the  asphalt  both  on  the  inside  and 
on  the  outside  of  the  rail  fully  \ in.  above  it. 

Mr.  Cranford.  Mr.  W.  V.  Cranford. — The  compression  done  next  to  the  rail  is 
done  much  better  by  tamping  by  hand  than  it  could  be  by  putting  a 
15-ton  roller  on  it. 

Mr.  Fort.  Mr.  E.  J.  Fort.—  In  many  places  immediately  after  laying  the 
pavement,  the  surface  of  the  asphalt  is  5-  to  ^ in.  below  the  rail,  and 
the  rut  is  already  started. 
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We  shall  soon  be  standing  at  the  threshold  of  a new  century.  This 
seems,  therefore,  a fitting  and  proper  occasion  for  making  a halt  in 
the  hustle  and  bustle,  so  usual  in  our  modern  business  and  professional 
life,  to  consider  one  out  of  the  many  magnificent  achievements  of  the 
century  which  is  now  drawing  to  a close.  A wanderer  on  a long  jour- 
ney likes  to  rest  occasionally  to  look  back  over  the  road  which  he  has 
left  behind  him  and  to  contemplate  the  path  which  lies  before  him. 
I shall  ask  you  to-night  to  pause,  like  the  traveler,  and  to  cast  with 
me  a retrospective  glance  over  the  past,  and,  particularly,  over  the 
second  half  of  the  nineteenth  century. 

Our  century  will  be  described  by  future  historians  as  the  era  of 
wonderful  practical  progress  of  mankind  in  the  application  of  the 
sciences  to  inventions.  Indeed,  the  progress  of  this  century,  in  the 
industries  and  the  applied  arts,  as  well  as  the  changes  in  the  mode  of 
our  living,  have  been  so  vast,  that  only  the  older  living  people  can 
realize  thoroughly  what  stupendous  results  have  been  accomplished 
in  this  comparatively  short  period  of  history. 

While  the  use  of  steam  in  the  steam  engine  originated  with  James 
Watt  near  the  close  of  the  eighteenth  century,  all  important  applica- 
tions of  steam  were  inaugurated  after  the  beginning  of  the  present 

* This  Club  is  not  responsible,  as  a body,  for  the  facts  and  opinions  advanced  in  this 

publication. 
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century.  Think,  for  a moment,  what  the  railroad  and  the  locomotive 
have  done  for  mankind,  what  immense  progress  in  speed,  safety  and 
comfort  of  traveling  has  been  achieved,  how  completely  travel  on  land 
has  been  revolutionized,  from  the  slow  stage  coach  to  the  mile-a- 
minute  trains,  how  a similar  progress  has  taken  place,  step  by  step, 
in  steam  navigation,  how  both  have  served  to  extend  trade  and  com- 
merce, and  to  spread  knowledge;  how  nations  have  been  brought 
closer  together,  how  famines  have  been  reduced  in  severity  and  wars 
shortened  in  duration,  by  these  improved  means  of  communication  on 
land  and  on  water. 

Consider  the  truly  wonderful  way  in  which  the  conveyance  of 
thought  has  been  revolutionized  by  the  railway  and  ocean  mail  system, 
by  the  electric  telegraph,  by  the  telephone  and  the  submarine  cable. 
Contemplate  the  changes  which  have  occurred  in  the  modes  of  obtain- 
ing fire  and  light,  the  radical  departures  from  old-time  methods  of 
interior  and  outdoor  illumination,  by  gas  lighting  and  by  the  electric 
light.  Look  at  the  numerous  now  practically  available  inventions  in 
labor-saving  machinery,  of  which  I will  only  mention  the  agricultural 
implements  and  machines,  the  sewing  machine,  and  more  recently  the 
typewriting,  type-setting  and  type-distributing  machines.  And  again 
in  the  science  of  light,  how  wonderful  are  the  inventions  of  photog- 
raphy, of  spectrum  analysis,  and  the  discovery  of  the  Bontgen  rays! 

These  marvelous  accomplishments,  and  a great  many  more  which  I 
have  not  the  time  to  mention,  belong,  every  one  of  them,  to  the  nine- 
teenth century.  They  constitute  one  reason  for  our  superiority  over 
former  generations,  for  they  have  enabled  us  to  make  better  and  more 
extended  uses  of  Nature’s  powers  in  the  interest  of  mankind.  It  is  not 
with  these,  however,  that  I wanted  to  occupy  your  attention  for  a brief 
while  to-night. 

Many  of  the  discoveries,  inventions  and  engineering  achievements 
named  belong  to  the  first  half  of  this  century.  Its  second  half  has 
been  distinguished,  perhaps  more  than  in  any  other  respect,  by  the 
birth  of  public  sanitation  and  of  applied  sanitary  science.  In  saying 
this  I do  not  mean  to  convey  the  idea  that  there  had  been  no  sanitation 
before.  It  is  well  known  that  many  of  the  nations  of  ancient  history 
practiced  sanitation,  and,  with  their  limited  means,  tools  and  knowl- 
edge, erected  many  great  works  which  served  the  interests  of  public 
health.  The  Hindoos  and  the  Parsees  were  practical  sanitarians; 
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to  them  both  water  and  soil  were  holy,  and  pollution  of  either  was  a 
punishable  offence.  One  of  the  teachings  of  Zoroaster  was  that  the 
purity  of  flowing  water-courses  should  not  be  defiled. 

The  Romans  built  gigantic  aqueducts,  canals  and  works  for  the 
supply  of  water  to  the  cities,  both  at  home  and  in  their  provinces. 
Many  ancient  cities  had  a system  of  sewers.  Some  of  the  cloacae  of 
Rome  have  been  preserved,  and  are  even  used  at  the  present  day. 
History  records  also  that  the  Romans,  the  Assyrians  and  the  Baby- 
lonians made  use  of  tubular  pipes  for  drainage  purposes.  Grecian 
houses  had  sanitary  conveniences  and  bathing  arrangements,  and  the 
public  baths  of  Rome,  built  during  the  time  of  the  Emperors,  were 
magnificent  and  costly  structures  devoted  to  recreation,  personal 
cleanliness  and  health. 

Following  this  period  of  advanced  civilization,  however,  came  an 
era  of  decay  and  retrogression.  During  the  Middle  Ages  all  arts  and 
sciences  declined,  and  with  the  decay  of  civilization  sanitation  was 
more  and  more  neglected,  until  it  became  a lost  art.  Personal  clean- 
liness was  not  thought  of,  the  practice  of  bathing  was  given  up,  clean 
clothing  became  almost  unknown,  in  fact,  owing  to  the  ascetic  prac- 
tices of  the  monks,  uncleanliness  of  the  body  became  identical  with 
sanctity.  During  this  dark  period  of  history,  happily  gone  by, 
knowledge  was  largely  confined  to  the  priests  and  monks,  who  pur- 
posely kept  the  masses  of  the  people  in  ignorance,  and  who  exerted 
such  a dominant  influence  upon  them  that  their  example  of  unclean- 
liness was  blindly  followed.  In  this  period  of  sanitary  neglect  and 
decay  the  noisome  cesspool  appeared,  being  first  used  at  monasteries, 
subsequently  at  feudal  castles.  In  both  classes  of  buildings  the 
sanitary  appliances  are  said  to  have  been  of  the  most  primitive  kind. 
The  cities  and  towns  of  this  period  likewise  presented  the  worst  im- 
aginable appearance  of  sanitary  neglect.  It  is  no  wonder  that  plague 
and  pestilence  made  their  appearance  in  Europe  in  the  fourteenth  and 
fifteenth  centuries;  that,  as  the  inevitable  consequence  of  disregard  of 
sanitation  entire  populations  were  decimated,  and  that  the  death 
rates  of  towns  became  appallingly  high. 

In  order  to  more  thoroughly  appreciate  the  benefits  due  to  modern 
sanitation,  let  me  picture  briefly  the  condition  of  cities  and  towns  a 
century  or  more  ago,  as  we  find  them  described  by  historians.  Nearly 
all  cities  were  badly  overcrowded,  this  being  in  many  instances  due  to 
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the  fact  that  the  fortification  works  prevented  the  growth  or  develop- 
ment of  a city  beyond  its  walls.  The  honses  were  low,  dark,  ill- 
ventilated  and  unsanitary,  and  often  full  of  foul  air.  The  floors  were 
of  earth,  covered  with  rushes,  which  were  generally  saturated  with 
filth.  Cesspools  were  commonly  located  underneath  the  houses,  or 
placed  in  the  ill  aired  courts  in  the  rear.  The  shops  where  the  people 
carried  on  their  trades  were  also  generally  unhealthy.  The  streets 
were  narrow,  darkened  by  the  overhanging  stories  of  the  buildings,  and 
unpaved,  except,  perhaps,  the  main  town  thoroughfares,  and  these 
were  paved  with  the  coarsest  quality  of  cobble  stones.  No  sidewalks 
existed;  pedestrians  were  compelled  to  walk  through  mud  and  dirt; 
slops  and  solid  refuse  from  the  houses  were  thrown  upon  the  streets, 
generally  at  night  time;  no  attempt  was  made  to  remove  this  filth  or 
to  clean  the  streets  by  any  system  of  scavenging.  The  crevices  of  the 
pavements  retained  the  solid  filth,  while  the  liquid  scaked  into  the 
ground  and  contaminated  both  the  subsoil  and  the  public  wells,  which 
were  the  only  means  of  water  supply  available  to  the  inhabitants. 

Large  heaps  of  mud,  dirt  and  refuse  accumulated  in  the  streets, 
and  hogs  were  running  about  in  the  public  squares.  Open  water 
courses,  flowing  through  the  towns,  and  serving  at  first  as  sources  of 
water  supply,  soon  became  polluted  by  sewage,  until  the  fetid  emana- 
tions compelled  the  authorities  to  arch  them  over,  and  thus  convert 
them  into  objectionable  sewers  of  deposit.  The  water  used  in  the 
houses  was  generally  drawn  from  wells  located  in  the  public  squares. 
As  it  had  to  be  carried  by  hand,  it  was  used  but  sparingly,  and  the 
ablutions  of  our  forefathers  were  usually  confined,  so  we  are  told, 
to  the  face  and  the  hands,  while  frequent  change  of  underwear  was 
not  yet  practiced,  owing  to  the  expense  of  the  linen  and  cotton 
garments,  and  the  cost  and  trouble  of  washing.  Much  sickness  and 
unhealthiness  were  also  due  to  the  poor  quality  of  the  food  available 
to  the  lower  classes  of  the  population.  Because  of  the  unimproved 
and  generally  bad  condition  of  the  country  roads,  fresh  supplies 
arrived  at  the  towns  irregularly  and  always  at  long  intervals.  There 
were,  finally,  no  public  markets,  no  public  slaughter  houses,  and  no 
sanitary  control  of  the  food  supply. 

Such  was  the  state  of  sanitary  neglect  which  cities  presented  one  or 
two  centuries  ago ! With  the  commencement  of  this  century  a better 
era  began,  but  the  large  and  systematized  public  efforts  for  the  improve- 
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ment  of  the  sanitary  condition  of  communities  date  only  from  the 
beginning  of  the  second  half  of  our  century.  It  is  also  true  that  the 
earlier  sanitary  works,  such  as  water  works  and  town  sewers,  were 
rather  the  outcome  of  necessity  and  were  built  to  fulfill  requirements 
of  comfort  and  convenience,  to  provide  necessary  commodities,  or  to 
guard  property  against  conflagrations.  The  health  point  of  view, 
which  in  such  works  is  of  prime  importance,  was  not,  as  a rule,  con- 
sidered or  appreciated.  It  was  only  with  the  advent  of  modern  sani- 
tary science  that  it  became  more  generally  recognized  that  the  creation 
and  the  maintenance  of  healthful  conditions  in  a community  depend 
to  a great  extent  upon  the  carrying  out  of  large  and  important  muni- 
cipal sanitary  works,  assisted  in  turn  by  individual  efforts  of  house- 
holders to  establish  sanitation  in  the  dwelling  houses  and  places  of 
work. 

Three  professions  have  chiefly  contributed  to  secure  the  grand 
results,  of  which,  at  the  close  of  this  century,  we  may  be  justly  proud, 
viz.,  the  engineer,  the  chemist  and  the  biologist.  If  in  the  following 
I say  but  little  about  the  valuable  achievements  in  sanitary  science 
which  are  the  outcome  of  the  labors  of  the  chemist  and  the  biologist, 
it  is  because  my  paper  to-night  is  addressed  to  a body  of  civil  engin- 
eers, and  also  because,  being  myself  an  engineer,  I am  little  qualified 
to  speak  with  expert  knowledge  of  the  work  and  the  successes  of  the 
other  professions  mentioned,  invaluable  as  they  have  been  to  the  sani- 
tary engineer  in  his  recent  practice.  I shall  confine  myself  therefore, 
to  a brief  and  general  review  of  the  work  done  by  engineers  in  the 
interest  of  sanitation. 

Speaking  generally,  works  of  engineering  relate  first,  to  commerce 
and  transportation  or  communication  by  land  or  water;  second,  to 
agriculture;  third,  to  manufacturing  and  mining;  fourth,  to  buildings 
and  architectural  construction;  fifth,  to  public  health,  and  sixth,  to 
warfare.  Ours  is  an  age  of  specialization  in  all  professions;  a man 
can  only  distinguish  himself  by  concentrating  his  energies  in  a special 
branch.  We,  therefore,  find  nowadays  a very  large  number  of  special- 
ties or  branches  of  engineering,  but  it  will  be  found  that  the  scope  of 
the  work  of  all  of  them  comes  under  one  or  the  other  of  the  above 
mentioned  divisions.* 


*See  Wm.  Paul  Gerhard,  Sanitary  Engineering , 1898. 
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Sanitary  engineering  is  that  branch  which  is  devoted  to  works  by 
which  the  public  health  of  communities  or  nations  is  promoted  and 
disease  prevented;  it  is  one  of  the  recent  and,  in  many  respects,  most 
important  branches  of  civil  engineering;  it  originated  practically,  and 
certainly  developed  entirely,  in  the  great  epoch  of  history  embraced 
in  the  past  fifty  years.  Its  importance  is  characterized  by  the  utter- 
ance of  a prominent  statesman  that  “the  greatness  of  a country  is 
dependent  more  than  anything  else  upon  the  physical  constitution  of 
its  inhabitants,  and  everything  which  is  done  to  improve  the  state  of 
public  health  forms  the  foundation  for  the  strength,  the  power  and 
splendor  of  a nation  ” (Disraeli,  Earl  of  Beaconsfield). 

The  sanitary  engineer,  guided  by  the  results  of  the  researches  of 
the  biologist,  the  chemist  and  the  sanitarian,  carries  out  into  practice, 
in  designing  public  sanitary  works,  the  requirements  of  sanitary 
science,  and  thus  he  creates  sanitation.  Systems  of  sanitation  orig- 
inated from  the  time  when  sanitary  science  and  the  germ  theory  of 
disease  taught  us  that  there  are  preventable  deaths  and  preventable 
illnesses  arising  from  polluted  water,  contaminated  air,  bad  food, 
impure  soil,  from  filth  accumulations  and  general  neglect  of  cleanli- 
ness. The  true  foundation  for  all  works  of  modern  sanitary  engineer- 
ing is  the  now  well-established  fact  that  pure  air,  water,  soil  and  food 
are  the  chief  essentials  of  personal  as  well  as  public  health. 

A pure  and  abundant  water  supply  constitutes  one  of  the  great 
sanitary  requirements  of  modern  cities,  and  the  problem  how  to  pro- 
vide the  same  belongs  to  both  the  hydraulic  and  the  sanitary  engi- 
neer. That  water  is  a necessity  to  both  man  and  beast,  even  more  so 
than  solid  food,  was  known  to  the  early  nomadic  races,  who  located 
their  tents  near  springs  or  rivers.  Water  is  required  for  ablutions 
and  personal  cleanliness,  but  likewise  for  the  maintenance  of  cleanli- 
ness in  the  houses,  in  streets  and  public  squares;  it  is  necessary  for 
sprinkling  thoroughfares,  thereby  avoiding  unwholesome  dust.  It  is 
also  required  in  the  water-carriage  system  of  sewerage,  for  flushing 
the  sanitary  appliances  of  buildings  and  the  street  sewers.  Many  of 
the  cities  of  ancient  history  were  provided  with  a system  of  water 
supply,  but  during  the  middle  ages  no  water-works  were  built,  and  in 
fact  the  works  of  the  older  cities  were  permitted  to  decay.  In  our 
century  water-works  construction  received  a great  impetus  particu- 
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larly  after  the  closing  np  of  town  wells,  known  to  have  been  the  cause 
of  epidemics  by  reason  of  being  polluted  from  cesspools,  privies  or 
leaky  sewers.  The  rapid  growth  in  the  number  of  cities  and  towns 
having  a public  supply  dates  from  the  time  when  the  art  of  casting 
iron  pipes,  which  originated  at  the  close  of  the  last  century,  was  per- 
fected. Cast-iron  water  pipes  were  used  in  London  for  the  first  time 
in  1809,  and  consisted  of  pipes  only  3 and  4 ft.  long,  and  not  larger 
than  12  ins.  in  diameter.  Before  that  period,  wooden  logs  were  often 
used  for  supply  mains.  According  to  Professor  Merriman  there  were 
only  five  public  water-works  in  the  United  States  prior  to  1800,  and 
prior  to  1851  there  were  only  68  water-works.  In  1880,  629  water-works 
systems  were  in  operation;  in  1888,  1,598;  in  1890,  2,037,  and,  accord- 
ing to  the  Manual  of  American  water-works  for  1897,  there  were  in 
existence  in  the  United  States  in  that  year  3,196  works.  On  the  Con- 
tinent of  Europe,  likewise,  all  central  water-works  systems  originated 
practically  since  1850.  These  figures  speak  eloquently  for  the  fact 
mentioned  heretofore  that  the  era  of  sanitation  began  with  the  second 
half  of  the  present  century. 

No  town  or  city  can  expect  to  grow  or  prosper  without  a public 
water  supply.  Once  water  is  introduced,  all  town  wells  should  be 
closed  and  the  connections  with  the  houses  made  compulsory.  When 
cities  begin  to  expand  in  area  and  population,  or  when  they  become 
thriving  manufacturing  centers,  additional  works  and  more  abundant 
supplies  are  often  required.  Water  introduced  under  pressure  is 
used  more  lavishly  in  American  than  in  European  cities,  which  is 
partly  due  to  our  generally  wasteful  habits.  Simultaneously  with  the 
problem  of  additional  supply  arises  the  question  of  how  to  check  the 
waste  of  water  without  in  any  way  reducing  the  sanitary  advantages 
derived  from  the  system.  Often  the  source  of  supply  becomes 
slightly  polluted,  and  epidemics  of  typhoid  fever  warn  the  authorities 
that  works  for  the  purification  of  water  are  required.  The  prevention 
of  contamination  and  the  purification  of  a water  supply  on  a large 
scale  are  two  great  sanitary  problems  wdiich  only  recently  have 
attracted  public  attention.  But  few  cities  of  the  United  States  have 
so  far  arranged  filtration  works,  consisting  either  of  natural  filtration  by 
filter  galleries  along  the  banks  of  rivers,  or  of  artificial  slow  filtration 
in  filter  beds  of  sand,  or  of  mechanical  filtration  through  batteries  of 
filters  which  generally  operate  under  high  pressure  and  pass  quickly 
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very  large  volumes  of  water.  Owing  to  the  very  satisfactory  results 
obtained  where  water  derived  from  open  streams  is  purified  by  filtra- 
tion, particularly  in  the  reduction  of  the  death-rate  from  typhoid 
fever,  this  great  sanitary  problem  will  undoubtedly  command  a large 
share  of  the  attention  of  municipalities  during  the  years  to  come. 

In  the  past  fifty  years  nearly  every  large  city  of  both  Europe  and 
America  has  either  introduced  a water  supply  or  enlarged  its  works. 
Paris  has  a double  system  of  supply,  river  water  being  designated  for 
public  use,  while  w^ater  for  drinking  and  other  domestic  uses  is  con- 
veyed to  the  city  from  distant  springs  and  mountain  sources  by  means 
of  large  aqueducts.  Some  of  these  works  were  completed  in  1865, 
others  in  1874,  and,  quite  recently,  another  additional  supply  was  com- 
pleted in  1894.  The  City  of  Hamburg  derived  its  water  supply  from 
the  River  Elbe,  and  after  the  severe  epidemic  of  cholera  in  1892, 
caused  by  polluted  water,  established  large  sand  filter  beds  which 
have  been  in  operation  since  1893.  Vienna  conveys  its  supply  of  pure 
mountain  spring  water  from  the  Alps,  a distance  of  80  miles.  As  a re- 
sult of  the  violent  cholera  epidemic,  a new  public  water  supply  for 
Naples  was  completed  in  1885,  and  has  materially  bettered  the  sani- 
tary condition  of  the  city.  Since  years,  the  question  of  a more  abun- 
dant supply  is  being  agitated  in  London,  the  scheme  proposed  being 
to  bring  the  water  to  the  metropolis  from  Mid-Wales. 

It  is  only  a few  years  since  New  York  completed  the  second  aque- 
duct, which  increased  its  daily  supply  by  many  million  gallons,  and  a 
new  and  extensive  storage  reservoir  is  now  in  course  of  construction 
at  Quaker  Bridge.  Yet  even  here  we  learn  of  projects  contemplating 
a supply  to  Greater  New  York  and  the  towns  of  the  Hudson  River 
valley  from  the  Adirondack  regions,  while  still  another  engineering 
project  proposes  the  conveyance  of  water  from  the  Ramapo  River  in 
New  Jersey.  Instances  are  multiplying  rapidly  where  large  towns 
find  themselves  under  the  necessity  of  spending  vast  sums  of  money 
to  tap  distant  uncontaminated  sources  of  water  supply.  Owing  to  the 
contamination  of  the  Hudson  River  water  by  the  sewage  of  cities  lo- 
cated up  stream,  the  City  of  Albany  is  now  obliged  to  construct  large 
sand  filtration  works.  St.  Louis  has  for  many  years  suffered  from 
insufficient  capacity  of  the  water-works,  and  not  less  from  the  muddy 
condition  of  its  water;  new  works  have  how  been  put  in  operation  and 
filtration  of  the  river  water  is  contemplated.  In  this  connection  men- 
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tion  must  be  made  of  the  valuable  researches  on  sand  filtration  of 
water,  made  by  the  chemists  and  biologists  of  the  Lawrence  experi- 
mental station  of  the  Massachusetts  State  Board  of  Health,  and  of  the 
still  more  recent  Louisville,  Pittsburgh  and  Cincinnati  experiments  on 
mechanical  pressure  filters. 

Progress  in  sewerage  works  has  been  much  slower  than  in  works 
of  water  supply.  This  can  be,  in  a measure,  explained  by  the  fact 
that  taxpayers  are  nearly  always  willing  to  pay  a small  annual  tax  for 
water,  and  hence  the  financial  success  of  such  a scheme  is  rarely  in 
doubt,  whereas  a sewerage  system  does  not  yield  an  annual  revenue, 
but,  on  the  contrary,  causes  sometimes  large  operating  expenses,  as,  for 
instance,  in  cases  where  the  sewage  must  be  treated  before  discharge 
into  a water  course.  It  is  therefore  a much  more  difficult  matter  to 
induce  communities  to  introduce  a sewer  system,  but  on  the  other  hand 
it  is  a well-known  fact  that  the  introduction  of  a public  water  supply 
has  generally  been  a stimulus  to  sewer  construction. 

Sewers  were  originally  built  with  a view  of  removing  storm  water 
from  the  street  surfaces;  the  introduction  of  liquid  household  wastes 
followed  only  incidentally,  and  the  removal  of  human  excreta  by 
water  carriage  is  of  still  more  recent  origin.  While  the  construction 
of  sewers  by  civil  engineers  dates  from  the  beginning  of  this  century, 
and  even  from  earlier  times,  the  sanitary  features  and  functions  of  a 
sewer  system  and  the  benefits  to  public  health  derived  therefrom  have 
been  but  recently  studied  and  recognized.  Prior  to  the  year  1850, 
few,  if  any,  cities  had  a regular  system  of  sewerage,  built  in  accord- 
ance with  a well-studied  general  improvement  plan,  though  we  do  find 
in  the  older  cities  underground  conduits,  built  by  unskillful  me- 
chanics in  a haphazard  manner,  without  any  attempt  to  make  them 
water  tight  or  to  construct  them  properly,  as  conduits  for  the  removal 
of  foul  water  and  excrements  should  be  built.  Before  the  year  1815 
the  introduction  of  faecal  matters  into  the  sewers  of  London  was  pro- 
hibited; it  was  there  made  compulsory  only  in  1847.  In  St.  Louis  the 
former  rule  existed  up  to  1842,  while  in  Baltimore  and  Paris  this  is 
the  case  even  at  the  present  day.  The  use  of  modern  pipe  sewers 
was  advocated  first  by  Edwin  Chadwick  in  1842,  and  they  were 
actually  used  first  in  modern  times  by  John  Roe  and  Sir  Robert 
Rawlinson  in  England. 
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Since  1850  the  organized  efforts  of  city  boards  of  health  have  been 
directed  nearly  everywhere  against  the  continuance  of  cesspools  and 
privy  vaults  in  cities,  and  as  the  best  sanitary  substitute  the  con- 
struction of  sewers  for  the  removal  of  household  wastes  and  excreta 
was  urged.  After  the  great  conflagration  in  1842,  Hamburg  was  the 
first  city  of  Germany  to  introduce  a well-designed  sewerage  system 
which  was  built,  under  direction  of  the  elder  Lindley.  Dantzig  was 
sewered  by  Wiebe,  assisted  by  Baldwin  Latham,  in  the  years  1869-71. 
Then  followed  Berlin  in  1870-1880  under  plans  by  Hobrecht,  and  more 
recently  Frankfort- on-Main,  the  well-built  sewer  system  of  which  wTas 
planned  by  W.  H.  Lindley,  the  son  of  the  above-mentioned  English 
engineer.  The  first  modern  main  sewer  was  built  in  Paris  in  the  Kue 
de  Rivoli,  in  1851,  and  in  1856  the  new  sewer  system,  planned  by  Bel- 
grand,  was  adopted,  which  comprised  several  large  intercepting  sewers. 
A well-known  feature  of  many  of  the  Paris  sewers  is  their  construction 
as  general  subways  for  water  and  compressed  air  pipes,  and  telegraph 
and  telephone  wires.  After  the  great  cholera  epidemic  in  1884,  the 
City  of  Naples,  Italy,  introduced  a general  scheme  of  sewerage.  Al- 
though Rome  had  the  ancient  cloaca  maxima,  which  still  performed 
its  functions  as  a drain,  modern  sewers  were  not  introduced  until  the 
year  1871. 

In  London,  the  old  lines  of  sewers  discharged  directly  into  the 
Thames  at  low-water  level.  Many  serious  evils  resulted,  owing  to  the 
sewers  being  tide-locked,  deposits  occurred  in  them  and  the  basements 
of  buildings  were  flooded.  The  sewage  emptied  into  the  river  was 
carried  up-stream  with  the  rising  tide  and  oscillated  to  and  fro,  caus- 
ing the  river  to  become  extremely  polluted  and  offensive.  It  was  in 
the  years  1850-1875  that  Sir  Joseph  Bazalgette  carried  out  the  main 
sewerage  scheme  of  London,  consisting  of  a series  of  high  and  low- 
level  intercepting  sewers,  which  conveyed  the  sewage  partly  by  grav- 
itation, partly  by  pumping,  to  a distance  of  14  miles  below  London 
Bridge.  On  the  northern  and  southern  banks  of  the  river  two  sewage 
reservoirs  were  located  to  hold  back  the  sewage,  and  from  these  it  was 
discharged  through  the  two  out-falls  during  only  a brief  period  of 
time  after  high  water.  But  even  this  did  not  mitigate  the  evil  of  the 
growing  pollution  of  the  lower  Thames,  and  a chemical  treatment  of 
the  sewage,  assisted  quite  recently  by  bacterial  treatment,  was  carried 
out  with  favorable  results.  The  annual  cost  of  the  chemical  treatment 
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and  the  removal  of  the  resulting  sludge  to  the  ocean  alone  costs 
London  about  $750  000  annually. 

In  the  United  Stales  the  majority  of  city  sewerage  systems  were  in- 
troduced after  the  year  1850.  In  1857  Mr.  James  P.  Kirkwood,  then 
water- works  engineer,  appointed  Mr.  Julius  W.  Adams  to  prepare 
plans  for  the  sewerage  of  Brooklyn.  Mr.  E.  S.  Chesbrough  planned 
and  designed  the  sewerage  of  Chicago,  his  first  report  being  issued  in 
1858* * * §,  and  Mr.  J.  Herbert  Shedd  laid  down  the  guiding  principles  for 
the  sewerage  of  Providence,  R.  I.,  in  his  report  for  1874, f while  Mr. 
Samuel  M.  Gray  designed  a scheme  for  the  ultimate  disposal  of  the 
sewage  of  that  city  in  18844  Within  the  past  fifteen  years  our  best 
sewerage  engineers  have  been  kept  engaged  in  preparing  or  carrying 
out  many  plans  of  sewer  systems.  In  many  cases,  the  American  engi- 
neers were  in  consultation  with  European  engineers,  like  Thomas 
Hawsklev,  William  Haywood,  Sir  Robert  Rawlinson,  W.  H.  Lindley, 
Wiebe,  and  others,  or  else,  like  Colonel  Wearing,  Rudolph  Hering,  E. 
Kuichling,  Samuel  M.  Gray,  and  others,  derived  benefit  from  personal 
visits  and  inspections  of  recent  European  sewerage  systems. 

The  main  sewerage  of  Boston  was  planned  in  1876-77,$  and  executed 
in  the  following  years  by  Joseph  P.  Davis  and  Eliot  C.  Clarke,  and  a 
larger  scheme  for  the  drainage  of  the  metropolitan  district,  including 
outlying  towns,  is  now  being  carried  out.  I confine  myself  to  the 
mention  of  some  of  the  older  plans  and  reports  on  sewerage,  and  must 
assume  that  many  of  you  are  familiar  with  more  recent  plans  and 
reports. 

Where  we  are  informed  that  no  less  an  engineering  authority  than 
Sir  Benjamin  Baker  declared  in  a report  in  1891  that  “the  existing 
mass  of  literature  on  sewerage  and  sewage  disposal  was  of  quite  un- 
manageable bulk,”  you  will  understand  how  impossible  it  is  to  give 
even  a general  outline  of  the  subject. 

Quite  an  impetus  to  sewer  construction  in  this  country  was  given 
shortly  after  the  late  Colonel  Waring  constructed  in  1880,  following 
the  yellow  fever  epidemic  of  1878,  a small  pipe  sewer  system  for  the 

* See  Report  of  the  results  of  examinations  made  in  relation  to  Sewerage  in  several 
European  cities,  in  the  winter  of  1856-57,  Chicago,  1858. 

+ See  J.  Herbert  Shedd’s  Report  on  the  Sewerage  of  the  City  of  Providence,  R.  I.,  1874. 

X See  “Proposed  Plan  for  a Sewerage  System  and  for  the  Disposal  of  the  Sewage  of 
the  City  of  Providence,”  by  Samuel  M.  Gray,  Ciiy  Engineer,  Providence,  1884. 

§ See  Report  by  a commission,  consisting  of  E.  S.  Chesbrough,  Moses  Lane  and 
Chas.  F.  Folson,  M.  D.,  1876,  and  Report  on  Sewerage  by  Jos,  P.  Davis  and  Eliot  C. 
Clarke,  1877. 
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city  of  Memphis,  Tenn. , which  resulted  in  making  this  town  healthful 
and  stamping  out,  possibly  forever,  the  fever.  The  introduction  of 
the  separate  system  of  sewerage,  so  ably  advocated  by  Colonel 
Waring,*  created  quite  a spirited  discussion  in  engineering  circles, 
and,  owing  probably  to  the  fact  that  Colonel  Waring  had  taken  out  a 
patent  on  certain  details  of  the  system,  the  debate  was  not  always  free 
from  personal  features.  The  fact,  however,  remains  undisputed  that 
a very  large  number  of  smaller  cities,  towns  and  even  villages,  took 
advantage  of  the  lower  cost  of  a system  of  sanitary  sewers  advocated 
by  Waring  to  introduce  a sewerage  system,  and  thus  were  enabled  to 
derive  the  sanitary  benefits  from  the  measure,  which  they  probably 
could  or  would  not  have  done  had  not  the  experience  of  Memphis 
proven  conclusively  the  feasibility  of  the  scheme. 

The  name  of  the  late  Colonel  Waring  and  that  of  the  Memphis 
sewer  system  are  closely  associated  together,  and  perhaps  I may  be 
permitted  to  pause  here  for  a moment  to  pay  a tribute  to  the  memory 
of  Colonel  George  E.  Waring.  To  my  mind,  no  other  American  engi- 
neer has  done  more  for  the  cause  of  public  sanitation  in  this  country 
than  he.  Having  been  for  several  years  his  principal  assistant,  I have 
had  unusual  opportunities  to  become  acquainted  with  his  life  work, 
as  well  as  with  his  personality.  Like  others,  I could  not  at  all  times 
agree  with  his  conclusions,  but  his  noble  enthusiasm  for  sanitation, 
his  keen  knowledge  of  the  subject,  his  untiring  efforts  towards  the 
attainment  of  better  sanitary  conditions  in  our  dwellings,  in  our 
streets,  in  our  towns  and  cities,  and  last,  though  not  least,  his  able 
literary  style,  have  always  commanded  my  highest  admiration.  His 
masterful  organization,  his  honest  and  efficient  administration 
of  the  street  cleaning  department  of  our  metropolis,  and  the 
creditable  results  attained  are  matters  of  so  recent  event  that 
I need  not  dwell  upon  them  further  than  to  express  the  sincere 
hope  that  the  time  may  soon  come  when  the  reforms  begun  by 
him  may  be  again  carried  out  in  the  spirit  which  he  imbued  in 
the  cause.  And  as  his  whole  life  work  was  devoted  to  public  sanita- 
tion, so  his  pathetic  and  almost  sudden  death  on  October  29th,  1898, 
from  a fever,  which  he  had  done  so  much  to  eliminate,  occurred  in 
the  midst  of  his  studies  of  the  problem  how  to  design  measures  to 
make  Cuba  healthful,  and  to  prevent  for  the  future  any  danger  to 

* See  Geo.  E.  Waring,  Jr.,  Sewering  and  Draining  of  Cities,  1879,  and  Sewerage  of 
Village-Cities,  1879, 
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health  to  our  shores  from  this  neighboring  island.  Colonel  Waring 
rendered  to  his  country  the  same  invaluable  services  which  men  like 
Sir  Edwin  Chadwick  and  Sir  Robert  Rawlinson  gave  to  England. 
Those  of  u&  who  remain  to  carry  on,  wherever  it  may  be  required,  the 
good  work  commenced  by  him,  should  never  lose  sight  of  the  fact 
that  he  was  the  pioneer  of  sanitary  engineering  in  this  country. 

Passing  now  on  to  the  question  of  pollution  of  rivers  by  sewage, 
we  find  this  to  be  another  sanitary  problem,  which  has  only  arisen 
during  the  past  fifty  years.  From  the  earliest  times  it  had  become  the 
custom,  in  the  United  States  as  well  as  in  Europe,  to  consider  the 
water-courses  flowing  through,  or  adjacent  to,  towns  as  the  natural 
receptacles  for  liquid  and  solid  refuse.  When  town  sewers  were  first 
constructed,  their  principal  lines  were  accordingly  laid  out  on  the 
shortest  available  course  to  the  river.  This  unsanitary  practice  soon 
led  to  the  pollution  of  the  water-courses,  and  with  increasing  popula- 
tion the  resulting  evil  became  of  such  magnitude  as  to  call  for  urgent 
relief  measures.  While  it  was  contended  at  first  that  rivers  and 
streams  possessed  the  power  of  self-purification,  it  soon  became  a 
matter  of  observation  that  the  purification  thus  obtained  was  quite  in- 
sufficient in  the  case  of  the  majority  of  streams.  This  problem  was 
thoroughly  studied  in  England,  where  a Royal  Rivers  Pollution  Com- 
mission was  appointed  in  1868.  The  results  of  the  labors  of  the  com- 
mission were  given  in  several  voluminous  reports,  and  in  1876  a Rivers 
Pollution  Act  was  passed  in  Great  Britain  which  made  it  illegal  to  dis- 
charge crude  sewage  into  any  water  course,  and  entrusted  Government 
Boards,  like  the  Thames  Conservancy  Board,  with  the  duty  of  pre- 
serving the  purity  of  streams.  France  appointed  a similar  commission 
in  1874  to  investigate  the  growing  pollution  of  the  River  Seine.  In 
Germany,  an  Imperial  Health  Board  has  more  recently  issued  very 
stringent  laws  excluding  crude  city  sewage  from  rivers  and  streams. 

In  the  United  States  the  same  question  came  up  first  in  the  State 
of  Massachusetts,  where  rivers  have  for  some  time  been  grossly 
polluted  with  city  sewage  and  manufacturing  wastes.  The  investiga- 
tions of  the  Massachusetts  State  Board  of  Health,  and  of  the  Rivers 
Pollution  Committee  of  the  American  Public  Health  Association,  which 
are  not  yet  concluded,  give  promise  of  a satisfactory  solution  of  this 
troublesome  problem.  Our  present  knowledge  of  the  matter  may  be 
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summed  up  as  follows:  Sewage  discharged  into  a river  will  some- 

times become  purified  by  dilution,  by  oxidation,  by  subsidence  and 
also  by  the  aid  of  aquatic  plants,  of  small  animalcules  and  of  some 
fishes,  where  it  is  in  a fresh  condition  when  discharged.  To  secure  a 
sufficient  dilution,  there  must  be  a certain  proportion  between  the 
average  volume  of  dry  weather  flow  of  the  stream  and  the  maximum 
volume  of  sewage;  to  secure  oxidation  there  must  be  a certain  mini- 
mum limit  of  current.  The  degree  of  permissible  pollution  depends 
chiefly  upon  whether  the  water  course  is  to  be  used  by  populations 
further  down  stream  as  a source  of  water  supply.  The  problem  be- 
comes still  more  complicated  when  the  discharge  takes  place  into  a 
tidal  river. 

As  a result  of  the  enactment  of  laws  against  river  pollution, 
the  question  of  sewage  purification  has  during  the  last  twenty-five 
years  forged  to  the  front.  At  first  the  problem  was  taken  up  from 
the  point  of  view  of  sewage  utilization,  either  in  an  agricultural  way, 
by  land  irrigation  and  application  of  town  sewage  to  vegetation,  or 
else  by  subjecting  the  sewage  to  various  chemical  treatments  intended 
to  convert  it  into  a solid  manure.  Many  costly  experiments  in 
chemical  precipitation  were  made,  numerous  patents  taken  out  and 
companies  formed  in  the  expectation  of  realizing  handsome  profits 
from  the  sale  of  the  product  of  chemical  treatment.  The  lesson 
derived  from  the  many  instances  of  failures  is  that  sewage  treatment 
will  not  yield  any  financial  profit,  and  that  the  expenditures  required 
for  purification  works  must  be  considered  as  necessary  and  legitimate 
in  the  interest  of  the  health  of  a community. 

Many  large  cities  like  London,  New  York,  Boston  and  others  seek 
solution  of  the  question  by  a discharge  of  their  sewage  into  the  sea. 
The  City  of  Chicago  is  constructing,  at  a cost  of  many  millions  of 
dollars,  a drainage  canal  to  get  rid  of  its  sewage,  and  to  preserve  the 
purity  of  its  water  supply  derived  from  Lake  Michigan.  A similar 
gigantic  drainage  scheme  was  proposed  for  Manchester,  England,  by 
which  the  sewage  was  to  be  carried  a distance  of  15  J miles,  partly 
through  an  underground  conduit,  to  enter  into  an  estuary  of  the 
Biver  Mersey.  Other  cities  like  Paris,  Dantzig  and  Berlin,  and  a 
great  many  small  towns  in  England,  have,  since  1870,  established 
sewage  farms  where  sewage  is  purified  by  irrigation  on  land.  It  is 
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of  historical  interest,  in  this  connection  to  note  that  Bnnzlau,  a small 
town  in  the  eastern  part  of  Germany,  offers  the  first  example  of 
sewage  irrigation,  dating  as  far  back  as  1531,  and  in  Scotland,  sewage 
irrigation  has  been  practiced  on  the  Craigentinny  meadows,  near 
Edinburgh,  since  the  year  1750.  Many  towns  in  Europe  and  a few 
in  the  United  States  purify  their  sewage  by  a process  of  filtration 
similar  to  that  adopted  for  water  purification,  but  differing  from  it 
in  that  the  filtration  is  carried  on  intermittently  instead  of 
continuously. 

Our  knowledge  of  the  subject  of  sewage  purification,  by  filtration 
through  natural  soil  or  through  artificial  filter  beds,  has  been  greatly 
advanced  by  the  results  of  studies,  made  under  the  direction  of  the 
Massachusetts  State  Board  of  Health  at  the  Lawrence  experimental 
station,  which  was  established  in  1888.  In  this  department  of 
sanitary  engineering,  great  progress  has  been  made  since  the  recent 
researches  of  biologists  have  increased  our  knowledge  of  the  functions 
of  the  bacteria.  We  now  know  that  the  sewage  purification  by 
filtration  through  land  is  not  merely  a chemical  or  mechanical  process 
but  principally  a biological  one,  and  that  the  action  of  bacteria  is 
required  to  break  up  the  putrefying  organic  matter  into  harmless 
elements,  which  in  turn  become  food  for  plant  life.  Valuable  experi- 
ments confirming  these  observations  were  carried  out  on  one  of  the 
London  outfall  sewers  in  1895  by  W.  J.  Dibdin.  The  most  recent 
experiments  in  sewage  treatment,  as  carried  out  on  a moderate  scale 
at  Exeter  and  Sutton  in  England,  which  were  described  in  a paper 
read  before  this  Club  a year  ago  by  Mr.  Albert  S.  Crane,  are  being 
watched  with  considerable  interest,  chiefly  owung  to  the  fact  that 
both  processes,  although  diametrically  opposed  to  each  other,  appear  to 
give  encouraging  results  regarding  the  solution  of  the  sludge  problem. 
In  the  septic  tank  air  and  light  are  carefully  excluded,  whereas  in  the 
coarse  bacterial  or  contact  filter  beds  air  is  very  freely  admitted;  yet 
by  both  processes  the  production  of  sewage  sludge  appears  to  be 
avoided.  As  to  the  value  of  either  method  professional  opinions  are 
not  by  any  means  unanimous.  Quite  recently  a bacterial  process, 
based  upon  the  theories  of  Dibdin,  has  been  tried  at  Gross-Lichter- 
felde  near  Berlin,  by  Schweder,  with  a part  of  the  sewage  from  the 
City  of  Berlin.  The  report  of  a commission  of  experts,  who  investi- 
gated the  process,  expresses  doubts  as  to  the  successful  application 
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of  the  system,  and  as  to  its  economy  in  first  cost  when  carried  out 
for  the  purification  of  sewage  fronl  larger  cities.  Therefore,  while 
much  progress  has  been  made  in  the  scientific  treatment  of  sewage, 
the  ultimate  solution,  owing  to  the  difficulties  involved  in  the  problem, 
must  be  left  to  the  scientific  minds  of  the  coming  century. 

The  removal  and  disposal  of  solid  refuse  and  garbage  form  part  of 
a well-arranged  sanitary  system  of  a city.  Until  recently,  removal  of 
garbage  was  usually  accomplished  by  contract,  and  its  disposal,  in  the 
case  of  cities  located  on  a stream  or  at  the  seashore,  was  accomplished 
by  discharging  the  refuse  into  the  water-course,  or  by  carrying  it  far 
out  to  sea.  Both  methods  have  in  many  cases  proved  to  be  objection- 
able. 

It  is  scarcely  more  than  ten  years  since  it  began  to  be  recognized 
that  the  problem  is  one  intimately  connected  with  town  sanitation, 
that  it  belongs  to  the  province  of  the  municipal  engineer,  and  that  it  is 
one  of  the  most  important  problems  with  which  municipalities  have 
to  deal.  Many  cities  of  Europe  have  distinguished  themselves  by 
systematic  efforts  directed  by  engineers,  and  more  recently  our 
American  engineers  are  paying  considerable  attention  to  the  subject. 
Its  solution  is  now  sought  for  in  two  methods,  namely,  first,  by  the 
cremation  of  the  garbage  in  furnaces  or  destructors,  and,  second,  by 
its  reduction  by  steam  heat,  whereby  marketable  products,  such  as 
grease  and  powdered  manures  are  obtained,  the  sale  of  which  is 
expected  partly  to  cover  the  larger  cost  of  the  process.  Garbage 
cremating  furnaces  were  introduced  in  England  about  the  year  1880, 
and  in  this  country  about  1885,  since  which  time  dates  the  increased 
attention  paid  to  the  problem.  In  both  processes  the  generation  of 
offensive  odors  must  be  avoided,  and  much  mechanical  skill  has  been 
brought  to  bear  upon  the  construction  of  furnaces  which  would 
consume  the  garbage  without  creating  a nuisance  to  the  neighborhood. 
Experiments  in  this  direction  were  undertaken  first  by  inland  American 
cities,  for  which  no  other  method  of  disposal  seemed  available, 
as  the  spreading  of  city  garbage  on  fields  in  the  country  was  found  to 
be  objectionable.  It  seems  a matter  of  regret  that  the  late  Colonel 
Waring,  in  his  position  of  street  cleaning  commissioner  of  New  York, 
was  not  allowed  to  continue  in  office,  to  complete  the  work  so  well 
begun,  for  he  had  just  commenced  to  introduce  plans  concerning  city 
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garbage,  and  no  one  appeared  better  qualified  than  he  was  to  find  a 
solution  of  the  problem,  which  would  be  at  once  practical,  economical 
and  sanitary. 

The  paving  of  city  streets  and  the  maintenance  of  cleanliness  on 
the  same  is  another  problem  of  municipal  sanitation  which  has  an 
important  bearing  upon  the  health  of  a city.  We  may  note  in 
this  connection  that  in  the  last  twenty  years  many  cities  of  Europe 
and  of  this  country  have  made  vast  progress  by  laying  a large  number 
of  pavements  with  durable  foundations  and  with  water-tight  surfaces. 
The  sanitary  and  other  requirements  of  city  pavements  have  formed 
the  subject  of  two  important  and  highly  interesting  papers,  read 
before  this  club  by  Mr.  Geo.  W.  Tillson,  and  by  Mr.  N.  P.  Lewis,  both 
of  whom  went  so  fully  into  the  details  of  the  entire  question  as  to 
make  it  unnecessary  for  me  to  make  more  than  this  passing  reference 
to  the  subject. 

A few  words  regarding  street  cleaning  may,  however,  not  be  amiss, 
particularly  because  it  is  only  within  a very  few  years  that  this  problem 
has  been  considered  worthy  of  being  placed  into  the  hands  of  engi- 
neers. The  capitals  and  larger  cities  of  Europe  have  for  years  distin- 
guished themselves  by  efforts  to  maintain  their  principal  traffic 
thoroughfares  in  a sanitary  condition,  and  the  reduction  in  the  annual 
death  rate  of  many  European  cities  has,  without  doubt,  been  effected 
partly  by  the  well- organized  efforts  to  clean  the  streets,  the  gutters  and 
the  sewer  catch  basins.  Leaving  aside  a few  isolated  instances  of  good 
work  accomplished  in  the  United  States  in  this  direction,  I am  within 
the  limits  of  truth  when  I state  that  Colonel  Waring’s  well-known 
recent  efforts  in  this  cause  set  a standard  which  many  of  the  smaller 
cities  are  now  following.  Some  improvement  in  the  condition  of  city 
streets  has  already  been  effected  by  the  substitution  on  street  car  lines 
of  electric  motive  power  in  place  of  horses,  and  a further  reduction  in 
the  amount  of  street  dirt  and  dust  may  doubtless  be  looked  for  in  the 
near  future  with  the  more  general  introduction  of  automobile 
vehicles. 

I believe  that  the  beginning  of  the  new  century  will  be  distin- 
guished by  many  important  reforms  in  street  cleaning.  Whether  such 
work  be  undertaken  by  contract,  or  be  carried  out  by  the  municipal 
government,  vigilant  engineering  superintendence  is  required. 
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Judging  from  tlie  poor  results  of  the  system  of  street  cleaning  by 
contract,  as  now  exhibited  in  Brooklyn,  and  comparing  same  with  the 
splendid  achievements  of  the  New  York  system  under  Colonel  Waring* 
one  is  forced  to  the  conclusion  that  street  cleaning  should  not,  at  least 
in  American  cities,  be  given  out  to  contractors.  Be  this  as  it  may, 
however,  one  of  the  lessons  which  we  have  learned,  and  which  may 
with  advantage  be  applied  to  other  branches  of  municipal  engineering 
and  sanitary  work  is  that  no  work,  upon  which  the  health  and  welfare 
of  a city  is  depending,  should  be  in  any  w'ay  associated  with  politics, 
or  be  directed  by  politicians. 

Another  municipal  sanitary  problem,  which  I must  briefly  review, 
relates  to  the  provision  of  healthful  food  supplies,  and  a proper 
and  efficient  food  inspection.  In  the  beginning  of  our  century  open 
markets  were  replaced  by  large  covered  structures.  This  innova- 
tion was  inaugurated  in  Paris  by  Napoleon  the  first.  In  1811  the 
planning  of  the  now  famous  Halles  Centrales  was  commenced,  but 
they  were  only  completed  in  1878.  In  the  past  thirty  years  many  of 
the  larger  cities  of  Europe  and  a few  in  the  United  States  have  erected 
imposing  architectural  structures  in  which  the  sale  of  food  provisions 
takes  place.  Their  chief  advantages  are  the  protection  which  they 
offer  to  the  market  people  and  to  the  public  against  the  weather, 
the  fact  that  the  provisions  are  not  damaged  by  rain,  snow,  heat,  cold 
or  street  dust;  that  fresh  market  products  are  obtainable  daily,  and 
that  the  control  of  the  food  supply  is  facilitated.  Market  houses 
require  well-arranged  traffic  connections  with  the  railroads,  rivers, 
canals,  harbor  docks,  and  good  roads  to  the  country  districts,  and 
thus  offer  sanitary,  architectural  and  engineering  problems.  In 
recent  years  much  attention  has  also  been  devoted,  particularly  in 
England,  to  the  sanitation  of  bakeries,  which  have  been  brought 
under  the  supervision  of  the  health  boards. 

Intimately  connected  with  the  public  markets  are  the  slaughter 
houses  or  municipal  abattoirs,  which  do  away  with  the  nuisance  of 
private  slaughtering,  and  facilitate  the  important  inspection  of  the 
meat.  In  Europe  municipal  abattoirs  were  inaugurated  first  by  the 
the  great  Napoleon,  who  by  his  decree  of  1810  prohibited  all  private 
slaughtering  and  thus  did  away  with  a formidable  sanitary  evil  of 
cities.  Since  the  middle  of  this  century  nearly  all  large  European  and 
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many  American  cities  have  built  centralized  abattoirs  located  remote 
from  the  crowded  city  districts.  Many  architectural  and  engineering 
questions  are  involved  in  the  planning  and  construction  of  such  struct- 
ures. Their  sanitary  and  mechanical  equipment,  the  provisions  for 
water  supply,  ventilation,  purification  of  the  waste  water  and  blood, 
the  installation  of  cold  storage  plants,  hoisting  machinery  and  other 
labor-saving  devices,  the  paving  and  drainage  of  roadways  and  yards, 
and  the  provision  of  suitable  rail  and  water  connections  must  be 
judiciously  considered.  The  trades  connected  incidentally  with  the 
slaughtering  of  animals,  such  as  rendering,  fat- melting  and  bone-boil- 
ing establishments,  are  now  likewise  brought  under  sanitary  control. 
The  most  modern  abattoirs  are  also  fitted  up  with  complete  bacterio- 
logical laboratories  for  the  microscopical  inspection  of  diseased  or 
suspected  meat.  With  the  system  formerly  in  vogue  of  having  small 
slaughtering  establishments  scattered  over  a city,  no  efficient  inspec- 
tion was  possible.  In  the  last  twenty-five  years  American  cities  have 
profited  much  in  this  branch  of  municipal  sanitary  administration  by 
the  experience  of  the  older  cities  of  Europe. 

Since  1850  another  very  important  municipal  problem  has  arisen 
in  many  of  the  older  towns  of  Europe.  I refer  to  the  enlargement  of 
the  cities  and  the  partial  reconstruction  of  their  system  of  streets  and 
thoroughfares.  The  progress  of  modern  industries,  the  extension  of 
commerce,  the  movements  of  populations  from  the  rural  districts 
into  the  cities,  and  the  doing  away  with  many  of  the  old  fortifications 
and  walls,  which  protected  but  also  hemmed  in  the  cities  and  pre- 
vented their  growth,  have  created  new  and  important  municipal  prob- 
lems. Since  1850  many  cities  and  towns  of  Europe  have  undertaken 
magnificent  and  comprehensive  works  for  the  transformation  of  their 
street  traffic,  for  the  building  up  of  new  urban  districts,  for  the  lay- 
ing out  of  parks  and  squares.  The  instance  of  Paris,  under  the  era 
of  Baron  Haussman,  is  probably  familiar  to  you.  In  the  period  from 
1852  to  1871  many  new  boulevards  and  grand  avenues  of  communication 
were  laid  out  with  roads  of  shade  trees,  parkways  and  garden  strips, 
while  Mr.  Belgrand,  the  distinguished  engineer  of  Paris,  planned  and 
executed  its  now  famous  underground  works.  In  Vienna  the  old 
fortifications  were  destroyed  after  the  year  1857,  and  the  famous 
Bing-Strasse,  or  belt  street,  a magnificent  boulevard  lined  with  costly 


102  GERHARD  ON  A HALE  CEETURY  OE  SANITATION. 

palaces,  museums,  theaters  and  other  public  buildings,  became  the 
principal  feature  of  the  city  improvement  plan. 

In  Germany  the  recent  transfiguration  of  many  of  the  historical 
and  mediaeval  towns  has  been  even  more  remarkable.  The  old  narrow 
and  crooked  streets  with  dark  dwellings  and  warehouses  have  disap- 
peared, and  given  way  to  widened  and  straightened  avenues,  with 
modern  residences  or  stores;  new  suburbs  have  been  laid  out  with 
engineering  skill  and  provided  with  water  and  sewerage  facilities; 
towns  situated  on  the  banks  of  rivers  have  had  their  water  frontages 
improved  for  commercial  purposes  or  for  the  embellishment  of  the 
city,  and  wherever  one  goes  one  finds  municipal  sanitary  improvements, 
such  as  sewer  systems,  works  for  the  purification  of  both  water  and 
sewage,  city  hospitals,  magnificent  public  schools,  market  buildings, 
cattle  markets  and  abattoirs.* 

In  our  own  country  the  next  fifty  years  will  doubtless  see  a large 
amount  of  similar  work  done,  and  if  the  past  has  not  been  distin- 
guished by  works  for  the  enlargement  and  embellishment  of  cities, 
this  is  entirely  due  to  the  fact  that  with  very  few  exceptions  all  our 
cities  are  comparatively  young  and  in  the  process  of  development.  In 
this  connection  I am  glad  to  notice  that  this  subject  has  recently  been 
taken  up  by  the  Architectural  League  of  New  York,  a progressive 
body  of  architects.  In  three  special  public  meetings  they  proposed 
discussing  the  following  subjects,  viz.,  the  reconstruction  of  the  city  s 
plan,  below  and  above  Fifty-ninth  Street,  and  the  water  fronts  of  the 
city,  plans  for  bridge  approaches,  driveways,  subways,  docks,  etc.  In 
Brooklyn  the  Department  of  Architecture  of  the  Institute  of  Arts  and 
Sciences  has  now  a movement  on  foot  for  interesting  the  general 
public  in  such  broad  questions  as  the  public  aspect  of  our  cities,  the 
location  and  arrangement  of  our  parks  and  gardens,  the  adornment  of 
our  streets  and  squares,  the  better  housing  of  the  people,  town  sanita- 
tion, etc. 

In  those  few  American  cities  which  are  more  than  one  hundred 
years  old  the  question  of  providing  decent  and  sanitary  homes  for  the 
poorer  population  in  crowded  city  districts  has  arisen,  just  as  it  did 
in  Europe.  In  England  interest  in  this  problem  was  first  aroused  by 
the  report  of  Sir  Edwin  Chadwick  on  the  condition  of  the  laboring 

*See  Chapter  on  “The  Laying  Out  of  Cities  and  Towns”  in  Wm.  Paul  Gerhard, 
Sanitary  Engineering,  1898. 
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population,  published  in  1842.  In  1856  the  first  committee  was 
appointed  by  the  State  of  New  York  to  inquire  into  the  condition 
of  the  tenements,  and  its  report  was  issued  in  March,  1857.  The 
tenement  house  question  has  ever  since  remained  one  of  the  muni- 
cipal problems  of  large  cities.  About  twenty- five  years  ago  the 
well-known  Peabody  workingmen’s  buildings  were  erected  in  London, 
likewise  the  improved  industrial  dwellings  of  Sir  Sidney  Waterloo. 
On  a large  scale,  the  problem  was  successfully  solved  in  Brooklyn,  in 
1877,  by  Mr.  Alfred  T.  White,  the  esteemed  honorary  member  of 
our  Club,  who  erected  the  Kiverside  apartments  and  other  model 
tenements. 

In  New  York  the  Improved  Dwellings  Association,  the  Tenement 
House  Building  Company,  and  other  similar  organizations  of  more 
recent  date  attempted  the  solution.  The  City  of  New  York  proper 
offers,  largely  owing  to  the  unfortunate  and  arbitrary  limit  of  the 
ordinary  city  lot,  the  best  example  for  the  study  of  the  evil  effects  of 
the  tenement-house  system.  From  time  to  time  citizens’  associations 
and  Legislative  Tenement-House  Commissions  have  devoted  study  to 
the  inspection  and  to  suggestions  for  the  improvement  of  tenement 
houses.  In  this  connection  the  Model-Tenement-House  Competition, 
organized  in  1878,  by  the  Sanitary  Engineer,  now  The  Engineering 
Record , a journal  for  municipal  engineering,  under  co-operation  of 
several  public-spirited  citizens,  deserves  special  mention.  Many  of 
the  plans  submitted  by  architects  in  this  competition  showed  great 
improvements,  but  still  the  conclusion  of  the  competition  committee 
was  that  it  was  impossible  to  secure  sanitary  results  in  the  erection  of 
a tenement  on  a narrow  lot.  The  progress  of  recent  years  is  due  to 
the  passing  of  the  Tenement-House  Act,  in  May,  1879,  which  limited 
the  space  of  the  lot  to  be  built  upon,  required  all  bedrooms  to  have 
windows  for  direct  admission  of  light  and  air,  and  gave  to  the  board  of 
health  increased  powers  to  regulate  the  question.  A vast  improvement 
in  the  character  of  the  plans  for  tenement  houses  submitted  to  the  city 
departments  has  been  noticeable  since  this  act  became  law,  and  fur- 
ther progress  followed  the  labors  of  the  Tenement-House  Commission 
of  1894. 

The  last  fifty  years  have  witnessed  such  vast  improvements  in  the 
construction  and  sanitary  features  of  dwelling  houses  that  it  seems 
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impossible,  in  the  limited  time  at  my  disposal,  to  even  give  a general 
outline.  One  important  result  of  the  efforts  in  the  interest  of  sanita- 
tion is  that  the  details  of  drainage,  ventilation,  water  supply,  lighting 
and  general  sanitation,  and  the  installation  of  sanitary  appliances  are 
now  in  many  cases  entrusted  to  sanitary  engineers  who  make  a 
specialty  of  domestic  engineering.  The  field  of  their  practice  is  a 
large  one,  and  the  progress  made  in  the  past  fifty  years  has  been  far- 
reaching.  As  an  example  of  what  has  been  accomplished  in  our  era 
of  sanitation,  I will  mention  that,  while  water-closets  were  invented 
hundred  years  ago,  all  really  sanitary  types  were  introduced  within 
the  last  twenty -five  years.  At  the  middle  of  our  century  the  much- 
condemned  pan-closet  was  universal.  Prior  to  the  year  1850  there  was 
not  a house  fitted  with  plumbing  conveniences  which  had  any  kind  of 
vent  pipe  carried  up  to  the  roof  for  ventilation.  At  the  close  of  our 
century  the  fundamental  principles  of  house  drainage  and  sanitation 
are  well  and  firmly  established,  and  in  nearly  all  cities  and  towns  the 
installation  of  plumbing  is  regulated  by  health  or  building  depart- 
ment rules  and  regulations,  and  the  work  is  inspected  by  more  or  less 
skilled  inspectors. 

The  benefits  due  to  sanitation  have  not  been  confined  to  our  dwell- 
ings, but  marked  improvements  in  the  planning,  construction  and 
equipment  of  hospitals,  schools,  prisons  and  military  barracks  are 
noticeable  in  all  civilized  communities.  New  domestic  engineering- 
problems  have  sprung  up  with  the  advent  of  the  modern  tall  office 
buildings.  In  hospital  construction  the  old  block  plan  with  crowded 
and  insufficiently  ventilated  wards  has  been  superseded  by  the  pavil- 
ion system,  for  sanitarians  are  agreed  that  it  is  better  to  extend 
buildings  for  the  care  of  the  sick  over  large  areas  rather  than  to  pile 
up  story  over  story.  Even  the  large  cities  of  Europe  locate  their  new 
hospitals  in  the  suburban  districts  and  plan  a large  number  of  one  or 
two-story  detached  wards,  sometimes  connected  by  covered  corridors, 
and  thus  secure  plenty  of  light,  air,  avoidance  of  dirt,  and  main- 
tenance of  fastidious  cleanliness.  In  New  York  and  a few  other 
American  cities  of  metropolitan  character  the  high  price  of  land  in 
all  sections  of  the  city  compels  adherence  to  the  old  system,  and  there 
is,  perhaps,  still  a tendency  to  give  too  much  attention  to  purely 
ornamental  features.  The  State  care  of  the  insane  offers  another 
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example  of  the  improvement  in  sanitary  administration  for  mentally 
sick  patients,  which  is  a result  of  the  last  ten  years  of  the  nineteenth 
century. 

A vast  improvement  is  also  noticeable  in  the  construction  and 
equipment  of  public  school  houses,  it  being  recognized  that  healthy 
minds  can  only  be  formed  in  healthy  bodies.  Much  attention  has 
accordingly  been  given  to  the  problems  of  heating  and  ventilating  the 
class-rooms,  of  providing  decent  and  inoffensive  sanitary  conveniences, 
and  of  encouraging  personal  cleanliness  of  the  pupils  by  establishing 
free  school  baths,  but  I can  only  make  a passing  reference  to  this 
branch  of  municipal  improvement. 

Our  prisons  and  jails  have  also  been  vastly  improved,  and  prison 
sanitation  has  been  the  outcome  of  modern  sanitary  science.  Formerly 
dark  and  unventilated  cellars  of  court  houses,  towers  in  castles  and 
underground  cells  in  convents  and  monasteries  were  used  for  the  con- 
finement of  prisoners.  Epidemics  of  typhus  fever  or  other  contagious 
and  infectious  diseases  were  common,  and  often  threatened  even  the 
health  of  judges,  jurors  and  court  officers.  In  the  improved  modern 
structures  the  influence  of  imprisonment  on  the  health  and  the  nervous 
system  of  the  convicts  has  been  reduced  to  a minimum. 

The  States  of  Europe,  which  compel  their  citizens  to  perform 
military  duty,  have  become  conscious  of  the  moral  obligation  resting 
,on  them  of  providing  healthful  military  habitations,  and  the  modern 
military  barracks  differ  as  much  from  the  older  barracks  erected  in 
fortified  towns  centuries  ago,  as  do  the  private  dwelling  houses  of 
our  period  from  those  of  the  citizens  during  the  Middle  Ages. 

The  erection  within  the  past  twenty  or  thirty  years  of  an  annually 
increasing  number  of  public  bathhouses  in  cities  and  towns,  both  in 
Europe  and  recently  in  the  United  States,  forms  another  illustration 
of  the  fact  that  all  large  sanitary  municipal  improvements  date  from 
the  year  18  50.  Before  this  date,  the  practice  of  bathing  was  not  a 
general  one,  and  was  entirely  confined  to  river  and  sea  baths  avail- 
able only  during  a few  months  in  the  year.  England  set  in  1842  the 
example  for  municipalities  in  providing  public  baths  for  the  people, 
and  since  1850  the  principal  cities  of  the  continent,  particularly  in 
Germany,  have  imitated  it.  In  the  United  States  much  interest  has 
been  awakened  in  this  subject,  and  the  State  of  New  York  was  the 
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first  to  pass  an  act  (in  1898)  making  the  erection  of  free  public  baths 
open  the  year  round  mandatory  upon  all  cities  of  50  000  or  more 
inhabitants.  Without  going  into  details,  I will  mention  that  for  the 
attainment  of  bodily  cleanliness  the  rain  or  spray  bath  is  much 
superior  to  the  swimming  bath,  though  I do  not  wish  to  be  under- 
stood as  underestimating  the  improvement  of  the  general  bodily 
health  due  to  athletic  exercise  in  the  swimming  bath. 

In  my  judgment  it  is  just  as  necessary  that  a municipality  should 
provide  public  baths  as  it  is  that  they  provide  public  schools,  well- 
paved  and  clean  streets,  sewers  and  fire  and  police  protection.  A 
valuable  and  highly  interesting  report  on  public  baths  was  rendered 
in  January,  1897,  by  the  Mayor’s  committee,  of  New  York.  Several 
smaller  people’s  rainbaths  are  already  in  use  in  New  York,  and  larger 
bathing  establishments  are  soon  to  be  erected.  Buffalo,  Boston, 
Chicago,  Philadelphia,  Pittsburgh  and  other  cities  have  within  the 
past  ten  years  erected  such  baths;  even  the  smaller  cities  make  pro- 
gress in  this  direction,  and  I cannot  help  remarking  that  notwith- 
standing the  mandatory  character  of  the  public  bath  act,  passed  by 
the  New  York  Legislature,  our  own  city  of  Brooklyn  has  made  no 
attempt  whatever  to  further  bodily  cleanliness  by  providing  cheap 
or  free  baths  for  the  people. 

Much  work  of  a sanitary  character  has  been  accomplished  in  the 
past  vears  in  rendering  malarial  districts  healthful.  As  an  instance  I 
will  mention  the  Roman  Campagna,  which,  according  to  the  investiga- 
tions of  Professor  Tommasi-Crudelli,  became  malarious  because  the  old 
Roman  drainage  works  became  stopped  up.  A part  of  this  beautiful 
tract  of  land  has  again  been  made  healthful  by  re-establishing  the 
former  efficient  drainage  of  the  subsoil,  which  renders  its  pores  free 
from  excess  of  water,  and  thereby  permits  air  to  enter  them  to  oxidize 
the  impurities.  In  our  own  country  there  are  vast  tracts  of  land 
which  now  form  swamps  and  which  could  be  reclaimed  by  a similar 
process. 

In  the  past  twenty-five  years  many  other  important  questions  have 
come  up  which  I have  only  time  to  scan  very  briefly.  Among  these  I 
mention  the  question  of  smoke  prevention  in  cities.  Smoke  and  city 
fog  are  in  many  ways  injurious  to  health;  the  atmosphere  of  cities  is 
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defiled  by  the  carbonic  oxide  and  the  sulphuric  acid;  the  smoke 
becomes  hnrtfnl  to  persons  with  delicate  lungs;  it  likewise  interferes 
with  the  free  ventilation  of  the  dwelling-houses,  and  it  causes  build- 
ings and  sculptural  monuments  to  be  disfigured.  The  difficulties 
involved  in  the  question  of  smoke  abatement  were  recognized,  even  in 
the  last  century,  and  Benjamin  Franklin,  James  Watt  and  Count  Rum- 
ford  studied  the  problem.  Some  of  the  remedies  thus  far  suggested 
are  the  use  of  hard  coal,  the  application  of  smoke-consuming  ap- 
pliances to  the  boilers,  the  use  of  gaseous  fuel  for  cooking,  heating  and 
for  small  motors;  the  better  firing  of  boilers,  and,  lastly,  the  removal, 
as  far  as  possible,  of  large  manufacturing  industries  to  the  suburbs, 
or  at  least  away  from  the  crowded  city  districts. 

General  town  sanitation  includes  also,  according  to  Olmsted,  the 
provision  for  and  the  laying  out  of  public  parks,  boulevards,  open 
squares  and  playgrounds  for  the  population.  It  is  now  well  recog- 
nized that  one  acre  of  trees,  grass  and  shrubbery  in  the  heart  of  a city 
is  of  far  more  sanitary  advantage  to  the  town  dweller  than  hundreds 
of  acres  outside  of  the  city  limits,  which  are  not  easy  of  reach.  Within 
the  city  blocks  much  improvement  may  be  effected  by  changing  the 
rear  of  building  lots  into  gardens  having  low  dividing  fences  or  better 
still  no  fences  at  all.  A recent  sanitary  improvement  of  the  cities  of 
New  York  and  Brooklyn,  which  is  worthy  of  mention,  is  the  establish- 
ment of  recreation  piers  at  the  river  fronts.  It  is  to  be  hoped  that  this 
will  be  followed  by  efforts  to  improve  the  water  fronts  and  the  condi- 
tion of  public  water-courses. 

The  sanitation  of  public  washhouses  and  steam  laundries,  the 
establishment  of  disinfecting  stations,  and  the  sanitary  questions  in- 
volved in  the  disposal  of  the  dead  in  large  cities,  are  other  sanitary 
problems  attracting  attention  at  present,  but  they  belong  more  to  pre- 
ventive medicine  than  to  engineering. 

The  work  done  in  the  last  thirty  years  by  state  boards  of  health 
has  been  important  and  far  reaching.  In  the  year  1849  the  Massachu- 
setts Legislature  passed  an  act  appointing  three  commissioners  to 
prepare  for  a sanitary  survey  of  the  State.  Their  report,  largely  got- 
ten up  by  Mr.  Lemuel  Shattuck,  a public-spirited  citizen  of  Massa- 
chusetts, called  attention  to  the  awakening  of  sanitation  in  England, 
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but  was  received  with  general  apathy.  Twenty  years  later,  in  1869, 
the  first  State  board  of  health  was  established  in  Massachusetts,  and 
Dr.  H.  I.  Bowditch  was  made  its  first  president.  The  first  report  of 
this  board  was  issued  in  1870,  and  ever  since  its  annual  publications 
have  been  eagerly  sought  by  sanitarians  and  sanitary  engineers.  In 
Michigan  a State  board  of  health  was  created  in  1873,  in  New  York 
State  in  May,  1880.  At  this  time  but  very  few  of  the  States  of  the 
Union  are  without  such  a useful  institution.  Much  matter  of  per- 
manent value  to  sanitary  engineers  is  found  in  the  annual  reports  of 
these  boards  of  health.  I have  already  mentioned  the  valuable  results 
achieved  by  the  Lawrence  experimental  station  established  in  Massa- 
chusetts, and  in  October,  1886,  a State  laboratory  of  hygiene  was 
established  by  the  Michigan  State  board  of  health. 

In  1866  a city  board  of  health  was  created  in  New  York  City,  and 
to-day  nearly  every  city  or  town  has  its  board  of  health,  whose  labors 
are  devoted  to  the  cause  of  town  sanitation.  A valuable  feature  of 
these  labors  consists  in  the  preparation  and  publication  of  vital 
statistics  and  of  sanitary  maps,  profiles  and  diagrams,  exhibiting  the 
relation  between  location  of  old  water  courses  and  the  mortality  in 
various  city  districts;  of  the  relation  which  sewerage,  density  of  popu- 
lation, meteorological  conditions,  etc.,  bear  upon  mortality;  of  the  in- 
fluence which  the  height  of  the  ground- water  has  upon  mortality,  etc. 
Valuable  results  have  also  been  accomplished  by  sanitary  commis- 
sions, such  as  the  one  appointed  in  England  in  1855  during  the  war  in 
the  Crimea,  and  in  our  own  country,  the  United  States  Sanitary  Com- 
mission of  1861.  In  many  cities  of  England,  and  in  a few  of  those  in 
the  United  States,  sanitary  protective,  inspection  or  assurance  asso- 
ciations were  formed  for  the  annual  inspection  of  dwelling  houses,  and 
much  good  has  come  from  their  labors. 

The  recent  introduction  of  sanitary  science  at  the  universities,  and 
of  special  courses  in  sanitary  engineering  at  the  technical  colleges, 
both  in  Germany  and  in  the  United  States,  is  another  step  in  the  di- 
rection of  sanitation.  A great  deal  of  good  has  likewise  been  accom- 
plished by  the  scientific  and  literary  press,  which  is  laboring  inde- 
fatigably  to  establish  and  spread  the  knowledge  of  sanitary  principles 
among  both  professional  and  lay  men. 

Our  cities  and  towns  are  framing  building  laws  and  sanitary  ordin- 
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ances,  regulating  not  only  safe  construction  and  protection  from  fire, 
but  also  healthful  building  construction  and  healthful  modes  of  living. 
The  width  of  the  streets,  the  height  of  the  houses,  the  size  and  height 
of  rooms,  the  position  and  number  of  windows,  the  details  of  heating 
and  ventilation,  of  plumbing  and  sewerage,  of  prevention  of  dampness, 
surface  drainage,  avoidance  of  defective  gas  piping  and  others  are  now 
regulated  by  law. 

In  all  engineering  works  the  results  attained  by  the  expenditure  of 
large  sums  are  of  immediate  interest  to  the  public.  Statistics  gathered 
in  different  countries  give  proof  of  the  marked  beneficial  effects  upon 
the  public  health  of  municipal  sanitary  measures,  such  as  sewerage, 
water  supply,  drainage,  street  cleaning,  etc.  Some  epidemics,  which 
in  former  times  appeared  periodically  are  now*  practically  extinguished 
in  certain  sections  of  the  country,  and  banished  entirely  from  many 
cities.  The  decreased  death  rates  of  cities,  as  shown  by  annual 
statistics,  form  the  best  evidence  of  the  good  influence  of  sanitary 
works.  • 

Take,  for  example,  the  case  of  London,  at  different  periods  of  history 
the  death  rates  were  as  follows: 

From  1660-1679,  the  annual  death  rate  was  80  per  1 000;  from  1681- 
1690,  43;  from  1746-1755,  35.5;  from  1846-1855,  24.9,  and  in  1871  it  had 
come  down  to  22.6  per  1 000. 

In  Croydon,  near  London,  the  rate  was  as  follows:  From  1848-1855, 
24.03  per  1 000;  1855-1875,  19.56,  and  from  1876-1880,  it  was  17.07  per 
1 000. 

In  Brussels  the  death  rate  was:  25.00  per  1 000 in  1875,  and  18.1  per 
1 000  in  1894. 

In  Vienna  the  death  rate  was:  From  1848-57,  42.0  per  1 000;  1878- 
88,  28.6;  1893,  24.3,  and  in  1894  it  was  22.8  per  1000. 

In  Buda  Pesth  the  figures  are  as  follows:  In  1876,  41.0  per  1 000;  in 
1892,  27.9,  and  in  1895,  24.4  per  1 000. 

In  Milan,  Italy,  the  rate  was  30.00  per  1 000  before  1880,  and  was 
reduced  to  21.00  per  1 000  in  1894. 

In  Copenhagen  the  rate  was  24.00  per  1 0C0  in  1884,  and  18.7  per 
1 000  in  1894. 

In  Stockholm,  Sweden,  the  figures  were:  In  1877,  28.7  per  1 000;  in 
1884,  24.6,  and  in  1894,  18.3  per  1 000. 
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German  cities  present  even  more  striking  examples  of  the  benefits 
derived  from  sanitation.  In  Hamburg,  for  instance,  in  the  period 
from  1838-44,  before  the  sewerage  system  was  introduced,  the  rate  was 
48.5  per  1 000.  In  the  period  from  1845-1853,  during  the  construction 
of  the  sewer  system,  the  rate  of  mortality  was  39.5.  From  1854  to  1861 
(the  first  eight  years  after  the  sewer  system  had  been  put  in  operation) 
the  rate  was  29.9.  From  1862-1869  the  rate  was  22.0  per  1 000,  and 
from  1871-1880  it  was  13.3.  In  Dantzig  the  rate  was  as  follows:  From 
1863-1868  (before  sewerage),  38.4  per  1 000;  1869-1871  (during  con- 
struction), 34.6,  and  from  1872-1880  (when  sewer  system  was  com- 
pleted), the  rate  fell  to  28.8  per  1 000.- 

Regarding  deaths  from  typhoid  fever,  the  following  figures  are 
instructive:  The  mortality  in  Munich  from  typhoid  fever  prior  to  1859 
was  24.2  per  10  000  deaths;  from  1860-1865,  when  there  was  no 
sewerage,  16.8;  from  1866  to  1873,  when  there  was  partial  sewerage, 
13.3,  and  from  1875-1880,  after  the  sewerage  system  was  completed,  it 
was  8.7.  In  Frankfort-on-Main  the  typhoid  mortality  was  8.7  from 
1854  to  1859,  when  there  was  no  sewerage,  and  in  the  period  from  1875- 
1887,  after  sewerage  was  completed,  the  rate  of  mortality  fell  to  2.4  per 
10  000.  To  mention  just  a few  examples  from  our  own  country:  In 
St.  Louis  the  annual  death  rate  in  1860  per  1 000  was  32.0,  and  in 
1865-1870  it  became  reduced  to  20.00.  The  city  of  Memphis  had 
formerly  a death  rate  reaching  as  high  as  109  per  1 000,  and  in  the  year 
1897  its  rate  had  been  reduced  to  23.56.  These  examples  might  be 
multiplied,  but  the  figures  given  are  sufficient  to  prove  the  good 
results  due  to  sanitation  and  sanitary  measures  introduced  during  the 
past  fifty  years. 

In  conclusion,  let  me  emphasize  once  more  the  fact  that  greater 
progress  in  municipal  sanitation  has  been  made  in  the  last  half- 
century  than  in  all  preceding  centuries  combined.  My  incomplete 
sketch  has,  I trust,  served  to  indicate  that  whenever  in  any  period  of 
history  civilization  advanced,  some  sanitary  measures  were  carried 
out,  and  that  whenever  general  culture  and  refinement  declined 
sanitation  became  neglected.  Civilization  and  sanitation  are  so  closely 
allied  that  one  cannot  exist  without  the  other.  As  an  evidence  of  this 
progress,  advanced  sanitarians  seem  now  to  be  agreed  that  the  preven- 
tion of  disease  is  the  highest  aim  of  modern  medical  practice. 
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Concerning  the  prospects  of  sanitary  reform  in  this  country,  an 
encouraging  feature  is  the  ever-increasing  interest  taken  by  the  press 
and  by  the  general  public  in  questions  which  have  a bearing  upon  the 
welfare  and  health  of  communities,  and  in  which  engineers  are  so 
largely  involved.  The  twentieth  century  will,  doubtless,  witness  a 
still  further  advance  in  all  the  branches  of  work  outlined  in  my  paper. 

The  work  of  sanitary  engineers  is  to  a large  extent  unostentatious 
and  inconspicuous,  much  of  it  being  underground  and  concealed. 
Their  plans,  suggestions  and  ideas  are  often  unpopular  and  not  looked 
upon  with  favor,  because  they  burden  the  community  with  heavy 
expenses  and  necessitate  special  taxes.  But  I am  convinced  the  day 
will  come  when  sanitary  works  will  be  universally  appreciated  and 
when  sanitary  engineers  will  be  more  generally  honored  and  esteemed. 
I also  venture  to  predict  that  in  the  coming  century  the  memory  of 
our  school  children  will  not  be  taxed  with  dates  of  ancient  wars  and  of 
battles  in  history  so  much  as  with  dates  from  the  history  of  civiliza- 
tion, of  discoveries  and  inventions,  and  of  the  progress  of  civil  engi- 
neering. And  that  will  also  be  the  day  when  nations  will  seek  glory, 
not  so  much  in  wars,  as  in  proudly  showing  the  largest  amount  of 
those  public  engineering  works  which  by  the  amelioration  of  sanitary 
conditions  reduce  preventable  sickness  and  death  in  communities. 
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Mr.  Whipple.  Mr.  George  C.  Whipple. — I want  to  say  that  I have  been  very 
nmch  interested  in  the  paper  that  has  been  presented,  and  I think  it 
a very  suggestive  one.  I think  it  emphasized  very  strongly  one  fact 
that  we  cannot  help  having  noticed,  that  is,  that  the  work  of  sanita- 
tion is  the  work  of  the  engineer.  Now  for  a good  many  years,  and 
even  at  the  present  time,  the  supervision  of  our  public  health  is  in  the 
hands  of  medical  men,  and  I think  that  in  the  coming  twenty-five 
years  we  shall  see  a gradual  transference  from  medical  men  to  engi- 
neers. It  seems  to  me  that  for  that  reason  our  engineers  ought  to 
broaden  out  in  their  education  along  the  lines  of  chemistry  and  biology 
and,  also,  if  our  medical  men  are  to  keep  in  with  the  sanitary  work 
they  must  study  engineering. 

A Member.  A Member. — I would  like  to  ask  if  the  disposal  of  sewage  has  not, 

in  some  cases,  been  made  a source  of  profit  to  the  city. 

Mr.  Gerhard.  Mr.  Wm.  Paul  Gerhard. — So  far  as  I know,  there  is  not  an  instance 
on  record  where  sewage  disposal  has  been  a source  of  profit. 

Mr.  Tillson.  Mr.  George  W.  Tillson. — Some  mention  was  made  of  the  public 
baths  here  in  Brooklyn.  I noticed  within  a day  or  two  an  item  in  the 
Eagle  stating  that  the  deputy  commissioner  of  public  buildings,  light- 
ing and  supplies  hoped  to  open  some  more  public  baths.  Cannot  Mr. 
Wynkoop  tell  us  something  about  this  ? 

Mr.  Wynkoop.  Mr.  Hubert  S.  Wynkoop. — I cannot  say  anything  definite.  What  Mr. 

Tillson  says  is  news  to  me.  But  we  should  have  more  public  baths 
here.  We  have  five  now,  having  built  two  within  the  last  two  years, 
and  the  old  City  of  New  York,  that  is,  the  Boroughs  of  Manhattan 
and  the  Bronx,  has  fifteen,  so  you  can  see  our  number  is  a very  small 
proportion.  I know  we  have  been  trying  for  some  years  to  get  more 
public  baths,  and  finally  did  get  leave  to  build  two  new  ones  here,  larger 
than  the  old  ones,  and  fully  equal  to  any  they  have  across  the  river.  I 
cannot  give  anything  definite  with  regard  to  the  future  policy  of  the 
department  in  this  matter. 

Mr.  Gerhard.  Mr.  Wm.  Paul  Gerhard. — Did  I understand  Mr.  Wynkoop  to  refer 
to  baths  along  the  river  front  ? 

Mr.  Wynkoop.  Mr.  Hubert  S.  Wynkoop. — Yes.  The  baths  go  into  service,  if  we 
have  good  luck,  in  June,  and  are  kept  open  until  the  last  of  Sep- 
tember. The  free  floating  baths  are  nothing  but  great  big  tubs,  with 
slats  instead  of  a solid  bottom.  They  are  patronized  very  largely,  and 
I would  like  to  say  in  that  connection,  that  I had  my  attention  called 
to  the  fact  that  people,  youngsters  in  particular,  of  both  sexes,  walk  all 
the  way  from  Manhattan  Crossing  to  the  public  baths  in  the  neighbor- 
hood of  South  Perry.  Along  in  the  spring  they  begin  to  watch  the 
newspapers  to  find  out  when  the  baths  will  re-open.  Little  fellows 
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five  years  old  will  walk  all  the  way  down  whenever  they  can  get  a Mr.  Wynkoop. 
chance  to  go  in  swimming  in  the  public  baths. 

Mr.  Wm.  Paul  Gerhard. — No  doubt  those  baths  accomplish  a very  Mr.  Gerhard, 
good  object,  but  the  law  intended  something  entirely  different.  It 
intended  to  have  cheap  structures  erected,  kept  open  the  year  round, 
where  warm  water  is  supplied  for  bathing,  with  soap,  thereby  estab- 
lishing cleanliness,  which  cannot  be  done  in  a river  bath.  Four  or 
five  years  ago  the  health  commissioner  of  Brooklyn,  Dr.  Emery,  in- 
terested himself  in  this  question.  He  had  some  plans  made  and  sub- 
mitted them  to  the  Mayor,  but  that  was  the  last  that  was  heard  of 
them.  They  were  doubtless  pigeon-holed  somewhere,  and  nothing 
has  been  done  about  them  since. 

Mr.  J.  Calvin  Loche. — I would  like  to  ask  Mr.  Gerhard  if  there  is  Mr.  Locke, 
a single  instance  of  garbage  reduction  that  is  really  a profit.  Do  they 
get  profitable  materials  in  quantities  large  enough  to  pay  for  the 
work  ? 

Mr.  Wm.  Paul  Gerhard. — That  is  rather  a difficult  question  to  Mr.  Gerhard, 
answer.  I would  prefer  to  have  some  gentleman  reply  who  is  con- 
nected with  work  of  this  nature. 

Mr.  George  W.  Tillson. —Wherever  garbage  is  reduced  now  by  Mr.  Tilison. 
steam,  as  you  have  outlined,  is  it  a fact  that  the  contractor  is  paid  a 
large  sum  for  collecting  and  receiving  garbage  and  doing  away  with 
it,  and  anything  that  he  may  make  in  addition  is  known  to  himself 
only?  Is  it  a fact  that  he  does  it  for  the  compensation  he  receives 
from  the  city  ? 

Mr.  Wm.  Paul  Gerhard.  — He  does  it,  no  doubt,  for  the  compensa-  Mr.  Gerhard, 
tion  which  he  receives  from  the  city.  It  would  take  a great  many  years 
before  he  could  derive  a profit  from  his  plant.  Because  if  he  puts  up 
a plant,  sanitary  in  every  way,  it  will  be  a very  expensive  one.  The 
only  plant  I know  of  of  that  type  is  down  at  Barren  Island.  I 
saw  quite  recently  a rejjort  rendered  by  several  engineers,  one  of 
them,  Mr.  John  Bogart,  about  the  works  at  Barren  Island.  It  was 
stated  that  the  smell  was  not  noticeable  at  a distance  greater  than 
500  ft.  I cannot  tell  you  where  I saw  this  report,  but  it  was  within 
the  last  week.  I think  Mr.  Taylor,  who  used  to  be  connected  with  the 
health  department,  is  one  of  the  engineers  who  examined  the  plant. 

Mr.  Joseph  Strachan. — -I  have  seen  advertised  lately  an  attachment  Mr.  strachan. 
to  be  used  in  the  kitchen  for  the  consumption  of  the  household  gar- 
bage. I would  like  to  ask  Mr.  Gerhard  if  he  considers  that  a sanitary 
appliance.  The  arrangement,  I believe,  is  attached  to  the  smoke  pipe 
of  the  range,  and  the  garbage  is  dried  sufficiently  to  burn  in  the  range. 

Is  that  a strictly  sanitary  appliance  or  is  it  apt  to  be  abused,  during 
its  operation,  by  the  domestic  ? 

Mr.  Wm.  Paul  Gerhard.— Undoubtedly  it  may  be  abused  by  Mr.  Gerhard, 
domestics.  I have  had  an  arrangement  put  up  in  my  own  house  and 
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Mr.  Gerhard. 


Mr.  Wynkoop. 


Mr.  Rowell. 


Mr.  Tillson. 


I am  very  favorable  to  that  device,  and  there  is  hardly  any  garbage  to 
cart  away.  Most  of  it  is  consumed  in  the  basket  which  is  inserted  in 
the  smoke  pipe.  The  garbage  is  thus  carbonated,  and  can  be  used 
the  next  morning  almost  in  the  same  way  as  kindling  wood  to 
make  the  fire.  Fat  should  not  be  put  with  the  other  garbage.  I once 
nearly  had  a chimney  fire  in  my  house  caused  by  fat  burning,  that 
had  been  put  into  this  basket. 

Mr.  Hubert  S.  Wynkoop.— We  used  to  burn  garbage  in  the  range 
until  the  landlord  grew  tired  of  paying  for  new  fire  brick,  and  then 
we  had  to  dispose  of  it  in  the  old  fashion. 

Mr.  George  F.  Rowell.—  Mr.  Gerhard  spoke  of  those  reports  on 
Barren  Island,  and  I would  like  to  correct  any  impression  which  he 
may  have  conveyed  with  regard  to  that  500-foot  limit.  I have  had 
occasion  to  study  those  reports  recently,  and  I noticed  that  the  500- 
foot  limit  was  used  in  connection  with  other  plants  at  Barren  Island. 
The  report,  as  I remember  it,  distinctly  says  that  the  odors  from  the 
utilization  plant  where  garbage  is  reduced  carried  for  a number  of 
miles. 

Mr.  George  W.  Tillson.— The  author,  in  speaking  of  sewerage, 
referred  to  Memphis.  It  happened  to  be  my  fate  to  go  down  to  Mem- 
phis and  do  some  work  in  connection  with  the  sewerage  system  under 
Colonel  Waring,  in  1880,  and  the  condition  of  things  that  existed 
there  from  a sanitary  or  civilized  standpoint  was  something 
surprising. 

Memphis  at  that  time  contained  about  40  000  people.  Of  course 
you  all  know  its  climate,  and  it  had  practically  no  sewers.  It  had  no 
sewer  system,  but  there  were  four  or  five  individual  sewers  that  had 
been  built,  and  were  owned  by  private  parties. 

When  the  system  which  Colonel  Waring  planned  at  the  time,  was 
put  in,  the  city  bought  up  and  made  use  of,  to  a certain  extent,  all 
those  existing  sewers.  The  city,  at  the  same  time  that  it  put  in  the 
mains  and  laterals,  did  sometimes  run  up  long  private  connections  for 
the  use  of  the  property  owners,  so  that  they  might  all  stand  at  practi- 
cally the  same  level  when  they  came  to  make  a connection.  In  one 
case  where  I saw  a connection  built  through  a private  alley  about  75 
ft.  long,  we  ran  through  three  cesspools  that  had  been  constructed 
nobody  knew  how  long;  but  when  they  had  become  filled  up,  or  so 
much  so  that  they  could  be  used  no  longer  they  had  been  simply  cov- 
ered over  and  left  there  with  the  fecal  matter,  and  all  the  other  refuse 
to  decay  and  filter  out  into  the  soil.  Now  Memphis  was  honey- 
combed, at  that  time,  with  just  such  things  all  over  it,  and  they  had  a 
water  supply  at  that  time.  It  was  said  that,  while  the  first  outbreak 
of  the  fever,  in  1878  I think,  did  come  from  the  lower  part  of  the  city, 
and  among  the  poorer  people,  the  outbreak  in  1879  came  from  some 
of  the  wealthiest  families,  and  the  explanation  of  that  was  that  they 
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had  used  their  backyards  and  gardens  for  these  cesspools.  The  Mr.Tillson. 
people  considered  that  it  was  an  infringement  upon  their  private 
rights  when  au  attempt  was  made  to  restrict  them  in  the  use  of  their 
houses  in  any  way. 

As  the  author  has  said,  since  that  time  there  has  been  no  outbreak 
of  that  kind,  or  an  epidemic  of  any  kind  there.  It  also  may  be  of  in- 
terest to  know  how  far  a great  many  of  the  cities  in  the  South  and 
West  go  before  they  adopt  a sewerage  system.  You  a]l  know  that 
the  water  system  must  come  first.  As  I said  before,  in  the  City  of 
Memphis  with  40  000  people,  a city  that  had  been  of  commercial  im- 
portance for  a great  many  years,  there  were  practically  no  sewers.  In 
1893  or  1894,  the  city  of  Macon,  Ga.,  a city  also  of  35  000  or  40  000 
people,  received  bids  for  constructing  sewers  in  the  entire  city.  In 
the  spring  of  1895  the  city  of  San  Antonio,  another  southern  city, 
where  the  people  go  for  their  health,  received  bids  for  constructing  a 
sewerage  system  for  the  entire  city.  They  had  no  sewers  up  to  that 
time,  while  in  the  East,  and  further  north  in  the  West,  it  is  almost  im- 
possible to  find  a village  of  over  5 000  inhabitants  without  some 
attempt  at  a sewer  system.  I have  been  surprised  in  visiting  friends 
and  relatives  in  the  smaller  towns  of  New  England  that  I left  15  or  20 
years  ago,  with  no  signs  of  water  or  sewers,  to  find  how  many,  and 
almost  all  of  them  of  3 000  inhabitants  and  more  have  a water  supply 
and  a few  sewers.  This  emphasizes  what  the  author  has  said  with 
regard  to  the  rapid  growth  in  sanitation  in  the  last  few  years. 

Mr.  Joseph  Strachan. — In  speaking  of  the  advance  that  has  been  Mr.  Strachan. 
made  in  cities  in  the  United  States,  I think  a little*  too  much  credit  is 
given  to  them.  There  are  two  good-sized  towns  not  very  far  from 
here,  which  are  supposed  to  be  more  or  less  progressive  in  their  ideas, 
that  have  no  sewer  systems.  Those  two  towns  are  Hempstead  and 
Jamaica,  and  they  have  been  an  eye-sore  to  Brooklyn  for  a good  many 
years.  The  drainage  from  both  of  these  towns  has  affected  the  water 
supply  of  Brooklyn,  yet  notwithstanding  that  they  have  not  yet  been 
sewered,  although  lately  the  town  of  Jamaica,  taking  advantage  of  the 
coming  consolidation  of  the  town  with  Greater  New  York,  issued  bonds 
and  built  an  extensive  sewer  system,  and  I believe  it  is  entirely  con- 
structed now — without  any  outlet. 

The  other  town,  Hempstead,  when  the  city  of  Brooklyn  proposed 
to  spend  $150  000  to  take  some  of  the  nastiness  of  its  streets  alongside 
of  our  Hempstead  storage  reservoir  and  drop  it  into  the  Bay  where  it 
would  do  no  harm,  made  the  objection  that,  though  it  would  increase 
the  purity  of  the  water  supply  of  about  a million  and  a half  people,  it 
would  damage  their  oysters.  Those  are  two  instances  of  eastern 
progressiveness. 

Mr.  Andrew  J.  Provost,  Jr. — I am  sorry  for  one  that  Mr.  Gerhard  Mr.  Provost, 
cut  out  all  those  statistics  so  ruthlessly.  They  won’t  appear  until 
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Mr  Provost,  the  next  annual  .publication,  a year  from  now.  I would  like  to  put 
a few  statistics  in  here.  An  eminent  English  scientist,  Dr.  Gairdner, 
about  40  years  ago  stated  that  it  was  probable  that  the  inevitable 
mortality  would  be  about  17  in  1 000  people  per  year.  At  that  time 
London  and  other  English  cities  were  running  along  about  50.  That  was 
during  the  time  that  the  author  spoke  of  when  the  sewers  of  London 
were  emptied  directly  into  the  Thames.  About  four  years  after  that 
the  sewers  of  London  were  carried,  as  Mr.  Gerhard  said,  14  miles 
below  the  city,  and  almost  immediately  the  death  rate  dropped  fiom 
1 in  20,  or  50  in  1 000  per  year  to  1 in  45,  or  about  21  per  1 000  per 
year,  and  those  figures  have  been  nearly  stationary  ever  since, 
according  to  records  I have  seen.  They  got  down  as  low  as  19  in  1 000 
and  then  crawled  up  again  to  about  21. 

New  York  at  that  time  had  a population  of  900  0C0,  and  the  death 
rate  was  1 in  35.7.  Previous  to  that,  in  1810  and  long  before  the 
Croton  water  had  been  introduced,  the  death  rate  in  New  York  was 
very  much  lower,  but  it  crawled  up  to  its  maximum  in  1860  to  1 in 
35.  It  was"  about  that  time  that  so  much  attention  was  given  to  this 
subject  of  death  rate  and  to  the  sanitary  conditions  of  the  city. 

The  City  Record  during  last  year  shows  that  the  average  for 
Greater  New  York  has  very  closely  approached  the  figures  which  were 
given  by  Dr.  Gairdner  in  1862.  The  New  York  death  rate  fluctuates 
between  17  and  20  per  1 000  per  year,  and  that  seems  to  be  about 
what  other  cities,  with  equally  good  sanitary  appliances,  have 
attained. 

This  same  authority  says  that  previous  to  the  establishment  of 
good  sanitary  government  in  London,  the  death  rate  was  1 in  20,  and 
that  in  1863  it  had  been  improved  to  1 in  45.  In  Liverpool  before  the 
establishment  of  good  sanitary  government,  1 in  28,  and  this  has  been 
improved  to  1 in  44.  In  Philadelphia  the  death  rate  has  been 
improved  from  1 in  39  to  1 in  44,  clearly  showing  the  effect  of  all 
these  different  methods  of  improvement  described  by  the  author. 

I would  also  like  to  ask  a question  with  regard  to  the  bacteria 
process  which  was  used  in  Germany.  It  was  stated  that  the  report 
was  qualified  as  to  its  being  a success,  and  I would  like  to  ask  if  the 
methods  used  there  were  along  the  lines  laid  down  by  Dibdin  and 
others  which  have  apparently  been  successful  in  England. 

Mr.  Gerhard.  Mr.  ¥i.  Paul  Geehabd.— This  experiment  was  tried  in  a small 
place  near  Berlin  and  was  made  with  Berlin  sewage.  The  engineer 
who  made  it  is  named  Schweder,  and  about  ten  days  ago  I received 
an  extract  from  his  paper,  and  also  from  the  report  of  the  commis- 
sioners and  I have  sent  for  both  the  paper  and  the  report  to  verify 
the  statement.  As  far  as  I can  make  out  from  this  extract  the  engi- 
neer has  imitated  Cameron’s  suggestion  of  a septic  tank.  He  has  three 
parts  in  his  system,  at  first  he  had  four,  but  he  has  dropped  one  part. 
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First  lie  had  a sediment  tank.  Then  he  had  a septic  tank  proper  Mr.  Gerhard, 
where  light  and  air  were  excluded,  and,  after  that,  a coarse  filter, 
exactly  like  Dibdin  has  suggested. 

Mr.  Andrew  J.  Proyost,  Jr. — They  are  very  conservative  in  Mr.  Provost. 
England.  There  the  local  government  boards  have  been  very  slow 
to  adopt  this  method  of  Mr.  Dibdin,  and  also  that  of  the  septic 
tank.  During  the  past  year,  however,  it  seems  that  this  conservatism 
has  given  way  somewhat,  as  the  process  is  now  in  operation  in  many 
cities  and  towns  in  England  where  they  have  before  been  very  strict. 

Last  year  at  a meeting  of  the  Health  Association  of  London  a promi- 
nent scientist  made  a statement  something  like  this:  He  said  that  the 
year  1897  would  ever  be  memorable  for  the  prominence  given  during  it 
to  the  subject  of  bacteriology  in  sewerage,  and  the  process  seems  to 
be  m successful  use  wherever  it  is  tried.  Mr.  Dibdin  has  succeeded 
during  the  past  year  in  improving  his  system  by  the  cultivation  of  the 
bacteria.  At  the  time  Mr.  Crane’s  paper  was  read  before  this  Club,  a 
year  ago,  that  had  not  been  established. 

Mr.  Wm.  Paul  Gerhard. — Mr.  Provost  is  quite  right  in  stating  that  Mr.  Gerhard. 
Dibdin’s  method  is  attracting  a great  deal  of  attention  in  England.  I 
do  not  know  whether  it  has  been  approved  yet  officially,  as  I under- 
stand that  there  is  a Royal  Commission  now  investigating  sewage 
disposal,  but  their  report  will  probably  not  be  ready  for  a year  or  so. 

I also  want  to  mention  that  the  large  city  of  Manchester,  up  to 
within  three  or  four  years  ago,  could  not  find  any  way  out  of  the 
sewage  difficulty  whatever,  except  to  carry  the  sewage  to  the  sea 
through  the  River  Mersey  by  building  a drainage  canal,  similar  in 
magnitude  to  the  Chicago  Drainage  Canal.  They  have  now  engaged 
Mr.  Baldwin  Latham,  and  he  is  at  present  favoring  Mr.  Dibdin’s 
scheme,  so  that  in  England  it  does  seem  as  if  many  consider  that  as  a 
solution  of  the  problem. 

Mr.  Andrew  J.  Provost,  Jr. — I noticed  in  Mr.  Crane’s  paper  the  Mr.  Provost, 
statement  that  Mr.  Baldwin  Latham  was  opposed  to  the  Dibdin  * 

system,  but  it  seems  that  he  has  been  converted.  Several  other  engi- 
neers have  also  changed  their  minds.  The  action  of  the  local  boards 
in  England,  as  I understand  it,  has  been  for  the  last  five  years  to  allow 
chemical  precipitation  to  be  used,  provided  sufficient  land  was  also 
obtained  to  purify  the  effluent  by  broad  irrigation.  But  recently  they 
have  made  an  exception  and  allowed  towns  to  use  the  bacteriological 
methods  without  the  purchase  of  sufficient  lands  for  broad  irrigation, 
on  condition  that  the  towns  themselves  would  be  responsible  for  the 
result.  The  process  has  not  been  permanently  approved,  and  is  not 
likely  to  be,  before  this  Royal  Society,  which  is  now  holding  its  session, 
as  stated  by  the  author,  reports  the  results  of  its  investigations. 

Mr.  J.  C.  Meem. — One  subject  suggested  itself  to  my  mind.  That  Mr.  Meem. 
is,  the  question  of  tearing  up  public  streets  for  putting  down  connec- 
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Mr.  Meem. 


Mr.  Gerhard. 


Mr.  Meem. 


tions  and  mains.  1 think  that  there  are  a good  many  cities  in  the 
United  States  that  have  alleyways  in  the  blocks,  and  that  a good  many 
of  these  alleyways  are  used  for  carrying  off  garbage  and  things  of  that 
kind.  Wouldn’t  it  be  a good  idea  to  use  these  alleys  also  for  putting 
in  lateral  pipes,  all  kinds  of  supply  pipes  and  sewer  pipes,  and  put 
only  mains  in  the  streets?  Wherever  suburbs  are  laid  out  make  it 
compulsory  that  alleyways  should  be  provided  in  all  blocks,  and  the 
same  thing  in  all  new  towns. 

Mr.  Wm.  Paul  Gerhard.— I think  Mr.  Meem’s  plan  would  be  prac- 
ticable as  far  as  sewers  are  concerned,  and  I know  that  in  St.  Louis  all 
district  sewers  are  laid  in  the  alleys.  As  far  as  water  mains  are 
concerned  I don’t  know. 

Mr.  J.  C.  Meem.— Couldn’t  supply  pipes  be  put  in  as  well,  running 
laterals,  sufficient  for  the  houses,  along  the  sidewalk?  I should  think 
that  would  be  practicable. 

Mr.  George  W.  Tillson.— Memphis  had  alleys  running  both  ways. 
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When,  in  1887,  after  many  years  of  desultory  experimenting,  both  in, 
laboratory  and  on  track,  the  electric  street  railway  became  a commer- 
cial practicability,  it  was  welcomed  by  all  as  the  ideal  of  municipal 
transportation,  the  savior  of  city  pavements,  and  the  conservor  of 
public  health.  Naturally,  so  radical  an  innovation  was  bound  to 
receive  its  full  share  of  criticism;  but  the  objections  that  were  brought 
forward  at  first  gradually  died  away.  The  aesthetically  inclined  were 
forced  to  admit  the  utilitarian  advantages  of  overhead  wires;  the 
city  fathers  abandoned  the  promulgation  of  amateur  schedules  and 
impracticable  regulations;  while  even  the  countryman,  driving  home- 
ward a span  of  horses  wrung  from  the  railway  company  in  recompense 
for  his  electrocuted  mule,  sang  the  praises  of  the  new  style  of  locomo- 
tion. 

Thus,  all  objections  seemed  to  be  met;  but  there  lay  in  embryo, 
even  at  the  very  beginning,  a condition  inseparable  from  the  single 
overhead  trolley,  a condition  destined  to  be  born  several  years  later 
and  christened  electrolysis. 

In  order  to  discuss  this  problem  properly,  it  is  desirable  to  ante- 
date the  electric  railway  a few  years,  and  glance  at  the  relation  of 
electrical  interests  to  the  public  highways  and  to  each  other.  The 
, * Tlli.s  Club  is  not  responsible,  as  a body,  for  the  facts  and  opinions  advanced  in  this 
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telegraph,  first  in  the  field,  had  secured  lodgment  on  the  highways, 
either  by  mere  consent  of  the  property  owners  or  by  due  authority  of 
law.  The  telephone,  being  similar  to  the  telegraph  in  so  far  as  both 
required  the  erection  of  overhead  wires,  promptly  occupied  the  high- 
ways under  the  precedent  furnished  by  the  telegraph.  Now,  both 
telegraph  and  telephone  employed  a ground  return,  the  current 
traveling  along  a wire  from  the  sending  to  the  receiving  point,  passing 
thence  to  the  earth  and  returning  to  the  sending  point  by  means  of 
pipes,  metallic  veins  and  water  courses,  The  use  of  the  earth  as  one 
side  of  an  electric  circuit  seemed  perfectly  legitimate  thus  far. 

In  1880  the  arc  light  appeared.  No  attempt  was  made  to  take 
advantage  of  the  ground  as  a conductor;  yet,  as  a matter  of  fact,  the 
leakage  from  the  arc  light  lines  crept  down  the  poles  and  ran  riot 
underground,  seeking  a fitting  pathway  back  to  its  source  at  the 
dynamo.  Telephone  receivers  buzzed,  drops  fell  and  signal  bells  rang 
false  alarms.  Then  arose  the  first  murmur,  that  was  ultimately  to  end 
in  a vociferous  demand  on  the  q»art  of  the  telephone  for  the  exclusive 
right  to  use  the  earth  as  a return  conductor.  However,  in  one  way  or 
another,  the  telephone  succeeded  in  effecting  such  arrangements  as 
remedied  the  evils  due  to  its  own  sensitiveness. 

Next  came  the  incandescent  light,  direct  and  alternating.  The 
telephone  suffered  more  severely  than  before;  but,  as  the  latter  trouble 
was  merely  an  exaggerated  counterpart  of  that  caused  by  the  arc  light, 
the  same  remedies  proved  effectual. 

It  must  not  be  understood  that  the  telephone  won  without  invoking 
the  aid  of  the  courts.  In  an  address  before  the  New  York  State  Bar 
Association,  John  S.  Wise  said: 

“ A great  deal  of  litigation  ensued  between  the  light  companies  and 
the  telephone.  There  was  no  doubt  that  either  the  one  or  the  other 
of  these  companies  could  prevent  these  disturbances.  The  telephone 
had  it  in  its  power,  by  putting  up  a complete  metallic  circuit  to  relieve 
itself  of  troubles,  both  from  induction  and  earth  leakage.  * * * But 

the  system  of  grounded  circuits  was  much  cheaper  for  the  telephone, 
and  it  was  not  disposed  to  yield  that  economical  method  to  the  electric 
light  companies,  especially  as  the  electric  light  companies  could  also 
use  parallel  return  wires,  remove  their  wires  to  some  distance  from  the 
telephone,  were  the  last  comers,  and  had  no  better  title  on  the  high- 
ways than  had  the  telephone  itself.  Many  cases  between  the  telephone 
and  electric  companies  were  tried.  In  the  majority  of  cases  the  light 
companies  were  compelled  to  remove  their  wires  to  a sufficient  dis- 
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tance  from  the  telephone,  or  to  introduce  parallel  return  wires  to  avoid 
inductive  disturbances  to  their  neighbor.  On  the  whole,  the  telephone 
companies  were  much  emboldened  by  their  success  against  the  electric 
light  companies.  ” 

As  a result  of  the  above  litigation,  a better  grade  of  insulation  came 
into  vogue,  thereby  decreasing  the  leakage  from  the  electric  light 
lines.  Hardly  was  this  matter  settled  when  the  street  railway  came 
upon  the  scene,  employing  an  electric  system  that,  so  to  speak,  was 
all  leakage.  It  is  true  that  the  telegraph  and  telephone  systems  that 
preceded  it  came  in  the  same  category,  on  account  of  their  grounded 
circuits,  and  yet  the  relatively  enormous  current  liberated  by  the 
street  railway  seemed  to  require  that  the  overhead  trolley  should  be 
treated  on  its  own  merits,  and  without  regard  to  telegraph  or  tele- 
phone precedents. 

The  first  electric  street  railway,  innocently  following  in  the  lines  of 
the  telegraph  and  the  telephone,  deliberately  set  out  to  use  the  earth 
as  a return  path  for  the  electricity  set  free  at  the  car  wheels.  It  was 
not  even  intended  at  the  start  to  employ  the  rails  for  this  purpose, 
except  as  they  might  form  part  of  the  general  earth  return.  Discovery 
was  promptly  made  that  methods  satisfactory  in  the  case  of  the  tele- 
graph and  telephone  could  not  be  successfully  applied  to  the  latest 
electrical  system.  Recourse  was  had,  therefore,  to  bonding  the  rails, 
or  bridging  over  the  resistance  of  the  rail  joint  by  a wire  riveted  to  the 
end  of  each  rail.  In,  the  case  of  flat  tram  rails,  a supplementary  wire 
was  run  parallel  to  and  between  the  rails  to  assist  the  return  of  the 
current.  To  further  aid  the  track  return,  connections  were  made  to 
gas  and  water  pipes  at  frequent  intervals  along  the  line.  Wherever  the 
road  crossed  a water  course  a heavy  wire  was  attached  to  the  rails,  the 
other  end  of  the  wire  connecting  with  a piece  of  metal  placed  in  the 
water.  Eventually  everything  underground,  whether  natural  or  arti- 
ficial, that  could  by  any  process  of  reasoning  be  considered  as  assist- 
ing to  conduct  electricity  was  pressed  into  service.  At  the  power  house 
v>ne  pole  of  the  generator  was  connected  to  rails,  to  water  pipes,  to 
gas  pipes  and  to  ground  plates. 

The  effect  on  the  telephone  service  needs  no  description.  Its 
sensitiveness  and  its  grounded  return  invited  it  to  ruin.  Inductive 
influence  of  such  magnitude  imperilled  the  very  existence  of  the  tele- 
phone. The  railroad  differed  from  the  electric  light  in  this,  that, 
whereas  the  latter  could  by  a reasonable  expenditure  alleviate,  if  not 
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entirely  remove,  the  evils  caused  by  its  heavy  current,  it  was  simply 
impossible  for  the  railway  to  do  so.  Recourse  was  had  to  the  courts. 

Quoting  again  from  John  S.  Wise:  “In  the  street  railways  the 
telephone  found  no  such  weak  adversary  as  it  had  in  the  electric  light- 
ing companies.  In  point  of  time  the  street  railroad  franchise  was  in 
most  places  older  than  that  of  the  telephone.  In  point  of  fact,  even 
before  the  discovery  of  the  telephone,  the  grants  of  street  railroad 
franchise  -had  embraced  the  right  to  use  any  method  of  propulsion 
then  or  thereafter  discovered  except  steam.  In  righ£  of  occupancy, 
the  electric  railways  were  on  the  public  highway  exercising  the  very 
use  for  which  the  highway  had  been  originally  dedicated.  In  the  use 
of  the  grounded  circuit  the  telephones  themselves  were  simply  enjoy- 
ing the  identical  right  possessed  by  the  street  railroads,  and,  in  order 
to  deny  the  right  of  the  street  railroad  to  use  the  grounded  circuit, 
the  telephone  must  itself  establish  that  it  was  entitled  to  the  exclusive 
use  of  the  earth.  Ordinarily,  he  who  asserts  an  exclusive  easement  is 
compelled  to  show,  not  only  the  priority  and  exclusiveness  of  his  grant 
or  use,  but  the  source  and  boundaries  of  his  title.  The  telephone 
made  no  attempt  at  this.  It  merely  contented  itself  with  saying  that 
it  had  used  the  earth  for  its  return  circuit,  was  using  it  undisturbed 
until  the  street  railway  did  the  same  thing,  and  was  injured  by  its 
neighbor’s  use  of  the  ground  circuit,  so  as  to  entitle  it  to  invoke  the 
protection  of  the  legal  maxim,  sic  utere  tuo,  ut  alienum  nonlcedas.” 

Judge  after  judge  characterized  the  telephone  claim  as  preposter- 
ous, and  in  the  end  the  trolley  won,  the  telephone  falling  back  upon 
a metallic  return.  The  overhead  trolley  employing  a grounded  return 
had  come  to  stay. 

Scarcely  had  the  trolley  ceased  defending  itself  against  the  tele- 
phone, when  there  began  to  spread  over  the  country  vague  and  gloomy 
forebodings  as  to  serious  damage  to  the  water  and  gas  systems  caused 
by  the  stray  currents  of  the  street  railway.  These  reports  came  first 
from  Boston  and  were  put  in  circulation  in  1891.  At  once  the  electric 
street  railway  attracted  the  most  earnest  attention  of  the  city  authori- 
ties, and  these  stray  currents,  from  being  a bone  of  contention  between 
corporations,  suddenly  became  a living  municipal  problem.  Let  us 
place  ourselves  at  the  end  of  the  year  1894,  and  briefly  sum  up  the 
general  information  in  hand  relative  to  electrolysis. 

A plumber  was  repairing  water  pipes  in  a dwelling  and  had  occa- 
sion to  disconnect  them.  Upon  breaking  a joint  an  electric  arc  formed 
across  the  separating  pipe-ends,  severely  burning  the  plumber. 

In  investigating  the  cause  of  a fire,  the  authorities  were  nonplussed, 
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until  a difference  of  potential  was  discovered  between  gas  and  water 
pipes  in  close  proximity.  The  vibration  caused  by  passing  wagons 
had  brought  the  pipes  into  contact  intermittently,  thus  causing  an  arc 
that  burnt  a hole  in  the  gas  pipe  and  finally  set  fire  the  escaping  gas. 

The  workmen  engaged  upon  the  elevated  structure  in  South 
Brooklyn  were  startled  when,  upon  placing  the  connecting  link  in  the 
iron  work,  a bright  flash  ensued. 

The  lead  armor  on  telephone  cables  was  eaten  through  in  a few 
weeks’  time. 

The  rails  of  the  street  railways  themselves  were  in  some  localities 
being  rapidly  destroyed. 

In  isolated  instances  6 and  8-in.  cast-iron  pipes  were  reported  to 
have  been  corroded  through  by  electrolytic  action. 

Manhole  explosions  had  in  some  cases  been  directly  traced  to  the 
presence  of  electricity  on  cable  armors,  in  conjunction  always  with 
escaping  gas  and  sometimes  with  moisture. 

Everywhere,  wrought-iron  and  lead  services  of  the  water  system, 
and  the  mains  and  services  of  the  gas  system  as  well,  began  to  fail. 

The  Edison  companies  were  beginning  to  experience  inexplicable 
burn-outs  on  their  underground  lines. 

Professor  D.  C.  Jackson,  of  the  University  of  Wisconsin,  had  made 
an  extended  series  of  tests,  from  which  he  deduced  the  following: 
The  electrolytic  effect  upon  a buried  pipe  depends  upon  the  resistance 
offered  by  the  earth,  and  upon  the  amount  of  soluble  salts— the  elec- 
trolysis of  which  are  injurious  to  the  iron— that  are  contained  therein. 
These  salts  consist  of  chlorides,  nitrates  and  sulphates,  the  order 
given  representing  their  relative  activity  upon  the  iron  pipe  under  the 
influence  of  the  electric  current.  Since  a minute  quantity  of  any  of 
these  salts  is  sufficient  to  start  electrolytic  action,  and  as  nearly  all 
soils  contain  more  than  mere  traces  of  one  or  the  other  of  these  salts, 
it  follows  that  corrosion  of  a buried  pipe  is  reasonably  assured. 

The  above  citations  cover  the  ground  pretty  fully.  Brooklyn  was 
well  abreast  of  the  times,  both  in  collecting  information  from 
without,  and  in  furnishing  samples  from  within.  In  December,  1894 
the  Board  of  Commissioners  of  Electrical  Subways  wrote:  “ The  cause 
of  the  difficulty  is  now  well  determined;  the  remedy  for  the  evil  will 
have  been  applied  when  the  companies  shall  have  provided  an 
adequate  route  for  the  electric  current  now  discharged  into  the  rails.” 
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At  the  end  of  the  year  1894  the  impression  generally  prevailed  that 
(in  the  language  of  the  Subway  Commission)  “an  adequate  route  for 
the  electric  current  now  discharged  into  the  rails  ” would  result  in  a 
cessation  of  electrolytic  troubles.  The  writer  did  not  share  this 
belief.  It  seemed  to  him  that,  in  order  to  confine  the  return  current 
to  the  rails,  the  resistance  of  the  earth  and  contained  pipes  would 
need  to  be  infinitely  great;  and  this  result  could  be  attained  only  by 
making  the  resistance  of  the  rail  return  infinitely  small,  which  is 
commercially  impracticable. 

However,  in  striving  for  “the  adequate  route,”  the  trolley  com- 
panies have  made  great  progress  in  the  amelioration  of  conditions. 
They  have  at  all  times,  in  Brooklyn,  at  least,  evinced  a willingness  to 
co-operate  in  every  reasonable  way  in  the  adoption  of  such  schemes 
as  were  suggested;  and  the  heavier  rails,  many  and  large  return 
feeders,  and  old  rails  employed  as  track  returns,  are  evidences  of  the 
advanced  ideas  on  the  subject. 

Indeed,  the  writer  has  been  obliged  to  discourage  in  his  official 
capacity  certain  measures  proposed  by  the  companies  for  the  cure  of 
electrolysis;  and  this,  in  spite  of  the  endorsement  of  these  measures 
by  city  and  street  railway  engineers  everywhere,  and  by  the  Board 
of  Commissioners  of  Electrical  Subways  of  Brooklyn.  It  appears  that 
in  1894  the  electrician  of  the  Board  selected  the  water  main  on  Third 
Avenue,  between  Twenty-fifth  Street  and  Sixtieth  Street,  for  a test 
case.  The  difference  of  electrical  potential  between  pipes  and  rails 
indicated  a serious  condition  of  affairs.  Upon  running  a return  feeder 
out  from  the  Fifty-second  Street  power  house  and  connecting  it  at 
intervals  to  the  mains,  a resurvey  of  the  territory  affected  showed  that 
the  evil  had  apparently  been  suppressed.  Thereupon  the  companies 
made  application  to  the  authorities  for  permission  to  duplicate  these 
return  connections  elsewhere. 

These  applications  were  referred  to  the  writer,  who  reported 
unfavorably  upon  them,  basing  his  decision  on  the  following  grounds : 

1.  It  was  not  settled  that  the  city,  having  sanctioned  this  connec- 
tion, would  be  able  to  recover  damages  in  case  the  tentative  remedy 
proved  unsuccessful;  whereas,  under  existing  conditions,  the  indem- 
nity bonds  filed  by  the  various  companies  were  sufficient  to  cover  the 
city  in  any  damages  that  might  be  expected  to  occur  to  the  water 
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2.  There  was  every  probability  that  the  authorization  of  this  con- 
nection by  the  city  would  render  it  co-defendant  with  the  companies 
in  any  suit  for  damages  to  service  pipes  that  might  be  brought  to 
trial.  The  plaintiff  could  with  truth  claim  that  the  objectionable 
electricity  had  reached  his  service  pipe  via  the  water  main. 

3.  Granting  that  lessened  danger  would  ensue  to  service  pipes  in 
the  locality  affected  by  this  connection,  there  was  no  certainty  that 
the  decrease  in  resistance  caused  by  the  bridging  over  of  the  earth  gap 
would  not  result  in  an  increased  flow  of  current  along  the  pipes,  and 
consequently,  an  increased  electrolytic  action  at  every  joint  of  the 
water  main.  (From  later  experience  the  writer  believes  that  he  has 
overestimated  the  probable  action  at  the  joints.) 

4.  The  proposed  remedy  was  in  reality  no  remedy  at  all;  for  while 
the  local  effects  might  be  good,  the  electrical  equilibrium  of  the  city 
would  be  disturbed,  and  electrolytic  troubles  would  appear  in  new 
localities,  thus  entailing  an  interminable  series  of  bondings  and 
unbondings  that  would  keep  the  streets  perpetually  torn  up. 

Thus  matters  stood  until  the  summer  of  1896,  when  the  Board  of 
Commissioners  of  Electrical  Subways  began  a resurvey  of  the  city.  In 
a careful  review  of  the  facts  up  to  date  the  writer  had  been  struck  by 
the  absence  of  reports  indicating  damage  to  cast-iron  pipe.  Three 
instances  only  were  recorded:  One  by  J.  H.  Vail  of  a 6-in.  water  main 
from  a Pennsylvania  town,  eaten  through  in  2J  years.  The  material 
composing  this  pipe  is  not  stated,  but  the  photograph  as  well  as  the 
inference,  points  to  cast  iron.  The  second,  from  a city  west  of  the 
Mississippi,  perhaps  St.  Louis,  the  inference  as  to  cast  iron  being 
derived  from  the  context  of  the  report  only.  The  third,  from  Mem- 
phis, Tenn,  where  the  “burning  out”  of  a 6-in.  main  is  stated  to  have 
occurred.  In  this  last  instance  the  phraseology  would  seem  to  indi- 
cate that  the  electric  arc,  rather  than  slow  corrosion,  was  responsible 
for  the  damage. 

In  view  of  these  facts  relative  to  cast  iron,  it  was  decided  by  the 
Subway  Commission  to  devote  a large  portion  of  the  work  of  the  1896 
survey  to  an  investigation  of  the  condition  of  the  Brooklyn  water 
mains.  The  writer  was  detailed  to  represent  the  city  on  this  work, 
Mr.  John  A.  Barrett  acting,  as  in  1894,  on  behalf  of  the  Commission. 

We  selected  more  than  a dozen  localities  where  voltmeter  readings 
had  indicated  that  trouble  might  be  expected,  and,  with  the  aid  of  the 
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pipe  yard  gang,  uncovered  the  pipes.  Sample  observations  are  as 
follows : 

Hydrant  at  rear  of  New  York  and  Brooklyn  Bridge  dock,  just  north 
of  Fulton  Ferry.  Positive  to  river,  1.4  to  2.2  volts;  soil,  sand  and 
cinder,  tide  rising  and  falling  through  same;  hydrant  somewhat 
rusted;  cast-iron  branch  pipe  slightly  crusted  with  rust,  the  usual 
cinder  scale  on  the  under  side  in  spots ; indications  only  such  as  might 
have  been  expected  to  result  without  electric  aid;  hydrant  and  pipe 
placed  about  1880. 

Hydrant  at  foot  of  First  Street,  west  of  Gowanus  Canal.  Positive 
to  canal,  4 volts;  soil,  made  ground;  hydrant  slightly  rusted;  adjacent 
wrought-iron  fittings  badly  eaten  away;  pipe  and  hydrant  placed 
August  23d,  1894. 

In  order  to  check  in  practice  the  conclusions  of  Stone  and  Webster, 
who  had  deduced  from  laboratory  experiments,  made  in  Boston  in 
1891,  that  the  jumping  of  electricity  around  the  joint  of  a water  main 
caused  electrolytic  action  on  the  positive  pipe,  we  uncovered  on  Third 
Avenue,  opposite  the  Nassau  power  house,  a few  lengths  of  8-in.  cast- 
iron  main,  coated  with  tar.  This  pipe  was  manufactured  by  the 
Camden  Iron  Works,  was  cast  in  the  old  9-ft.  lengths  and  had  been  in 
service  since  November  17th,  1868.  For  nearly  three  years  a heavy 
current  had  been  conducted  along  this  pipe,  and  at  the  time  of  our 
test  the  voltmeter  showed  1 volt  difference  of  potential  around  each 
joint,  or  5 volts  in  five  lengths  of  pipe.  In  the  absence  of  suitable 
appliances  for  indicating  the  current,  rough  calculations  by  several 
persons  present  fixed  its  value  at  from  1 000  to  3 000  amperes. 

Four  lengths  of  pipe,  as  they  lay  in  the  virgin  sandy  soil,  were  care- 
fully inspected,  and  then  a section,  consisting  of  the  bell  and  2 ft.  of 
pipe  on  either  side,  was  taken  out  intact,  split  in  half  longitudinally, 
and  the  interior  closely  scrutinized.  No  pitting  appeared,  nor  was  it 
possible  to  detect  by  calipering  any  diminution  in  the  thickness  of  the 
pipe  on  the  plus  side  of  the  joint..  But  the  most  remarkable  feature 
of  this  pipe  was  the  clean  asphaltic  covering,  almost  as  fresh  on 
this  twenty-eight-year- old  section  as  on  the  new  12-ft.  lengths  that 
replaced  it. 

Mr.  Barrett  concisely  stated  the  situation  when  he  said:  “From 
such  an  examination  as  we  were  able  to  make,  it  would  be  unwarrantable 
to  assert  broadly  that  cast  iron  of  any  particular  quality  possesses  an 
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absolute  immunity  from  electrolysis.  In  fact,  a test  applied  to  a 
fragment  of  cast-iron  pipe  in  a tin  pail  of  earth,  with  a drop  of  potential 
of  10  volts  from  the  fragment  to  the  pail,  gave  in  three  weeks  undoubted 
evidence  of  electrolysis  of  the  iron.  But  from  a careful  investigation 
of  the  facts,  so  far  as  we  are  able  to  proceed  with  it,  I think  it  is  at 
least  safe  to  suggest  that  at  low  potentials  cast  iron,  of  such  quality  as 
exists  in  the  water  mains  which  were  examined,  will  endure  practically 
unharmed  a flow  of  current  into  the  earth,  which,  under  the  same 
conditions,  is  totally  destructive  to  wrought  iron  and  lead.” 

Bor  two  years  this  very  cautious  statement  remained  unchallenged, 
even  though  distorted  by  careless  readers  into  a definite  claim  for  the 
absolute  safety  of  cast  iron  ; and  the  Brooklyn  officials  charged  with 
the  distribution  of  our  water  supply  experienced  no  leak  in  cast-iron 
pipe  that  could  in  any  way  be  laid  at  the  door  of  electricity. 

Last  summer  the  sense  of  security  that  prevailed  here  was  rudely 
disturbed  by  the  astounding  statement  of  the  Secretary  of  the  Dayton, 
Ohio,  water-works,  that,  to  repair  the  ravages  caused  by  electricity  on 
the  water  mains  of  his  city,  it  would  be  necessary  to  replace  17  513  ft. 
of  cast-iron  mains,  at  a cost  of  $77  000.* 

It  seems,  then,  that  we  must  rearrange  our  facts,  and  endeavor  to 
arrive  at  some  other  conclusions  than  those  with  which  we  have  been 
satisfying  ourselves  for  the  past  few  years.  Is  it  reasonable  to  sup- 
pose that  Brooklyn  soil  differs  so  greatly  from  that  at  Dayton  as  to 
render  our  water  mains  secure  while  those  of  another  municipality  are 
beginning  to  suffer?  Or,  on  the  other  hand,  what  warrant  have  we  for 
assuming  that  our  cast  iron  is  of  different  composition  from  that  fur- 
nished by  the  same  manufacturers  to  Dayton?  Is  it  saying  too  much, 
then,  if  one  characterizes  electrolysis  as  the  most  important  unsolved 
municipal  problem  of  to-day? 

There  are  five  distinct  systems  of  street  car  propulsion  by  means  of 
electricity: 

1.  An  ideal,  but  hardly  as  yet  satisfactory,  system  of  storage 
battery  cars. 

2.  A thoroughly  satisfactory,  but  very  expensive,  system  of  under- 
ground trolleys. 

3.  An  experimental  system  of  electro-magnetic  switches  with 
contact  plates. 

ber  ^rld  ^ ®rown  before  the  American  Society  of  Municipal  Improvements,  Novem- 
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4.  A commercial,  though  complicated,  system  of  double  overhead 
trolleys. 

5.  The  single  trolley  system,  with  wdiicli  we  are  all  familiar. 

Now,  it  so  happens  that  the  only  one  of  the  five  systems  that  has 

come  into  general  use  is  the  very  one  that  is  causing  uneasiness  regard- 
ing the  integrity  of  our  water  mains,  to  say  nothing  of  the  water 
services,  gas  pipes,  etc.  for  which  the  municipality  is  morally,  if  not 
legally,  responsible.  This  system  has  prevailed  thus  far  because  it  is 
the  least  complex  and  because  it  can  be  installed  at  a reasonable 
expense.  Must  the  single  trolley  be  banished?  Plainly,  such  an  auda- 
cious suggestion  should  be  made  only  after  every  possible  alternative 
has  been  exhaustively  examined;  and  it  is  with  a view  to  promoting  an 
interest  in  the  study  of  these  alternatives  that  the  writer  presents  this 
paper  to-night. 

The  remedies  that  have  been  suggested  may  be  enumerated  as 
follows : 

1.  Better  track  return  by  means  of  heavier  rails,  larger  bonds  and 
return  feeders.  This  remedy  is  being  steadily  applied.  It  is,  how- 
ever, a palliative,  not  a cure. 

2.  Bonding  between  rails  and  affected  pipes — the  intimate  and 
general  connecting  together  of  rails,  water  pipes,  gas  pipes,  subways 
and  cable  armors  at  the  so-called  danger  points.  This  seems  to  be  a 
perfect  cure— in  spots.  That  is  to  say,  if  on  the  first  day  of  January 
this  plan  of  bonding  goes  into  effect,  on  the  first  of  February  an 
entirely  new  system  of  bonding  is  necessitated  to  take  care  of  the  new 
danger  points  that  have  resulted  from  the  very  steps  taken  on  January 
1st  to  effect  a cure.  Furthermore,  there  is  considerable  doubt  as  to 
how  well  the  pipe  joints  will  stand  the  increased  flow  of  electricity 
for  which  this  extensive  bonding  is  responsible. 

3.  Auxiliary  potential  plan.  An  arrangement  of  dynamos  and 
wiring  by  means  of  which  the  pipes,  etc.,  are  kept,  or  supposed  to  be 
kept,  negative  to  the  rails  at  all  points  and  at  all  times.  These 
arrangements,  of  which  there  are  many,  mostly  patented,  may 
undoubtedly  prove  of  service  in  smaller  cities  or  towns,  where  the 
conditions  are  not  as  complicated  as  in  Brooklyn. 

4.  The  insertion  of  insulating  sections  into  a line  of  pipe.  Usually 
this  is  proposed  only  for  the  water  mains.  Twelve-foot  lengths  of 
wooden  water  main  placed  in  the  line  at  intervals  would  greatly  dis- 
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courage  the  electricity  in  its  attempt  to  get  home  by  this  path.  An 
increased  burden  would  in  this  way  be  thrown  upon  the  gas  pipes 
and  other  conductors,  and  more  wood  pipe  would  be  required  to  take 
care  of  the  increased  evil  in  a new  direction. 

The  Wyckoff  wood  pipe  for  a complete  system  of  water  distribu- 
tion has  been  suggested  as  a remedy.  This  pipe  seems  to  bear  a good 
name  in  certain  western  cities  where  it  is  in  use.  Still,  however 
desirable  it  might  prove  to  be  for  extensions,  one  cannot  expect  that 
the  present  iron  piping  will  be  discarded  for  wood,  and  it  is  the 
existing  pipiug  that  primarily  concerns  us.  The  writer  has  not  been 
able  to  determine  whether  the  apathy  shown  in  certain  quarters 
toward  his  suggestion  of  three  years  ago  to  experiment  with  a few 
services  of  Wyckoff  pipe  was  due  to  a lack  of  interest  in  the  subject, 
or  to  a thorough  acquaintance  with  the  demerits  of  the  pipe. 

It  has  also  been  suggested  that  the  use  of  the  present  cast-iron 
mains  be  retained,  the  electrical  discontinuity  of  the  line  being 
attained  by  the  insertion  of  an  insulating  washer  at  each  joint,  and  by 
the  employment  of  cement  or  iron  oxide  for  caulking  instead  of  lead. 

It  seems  evident  that  in  the  fourth  remedy  the  element  of  expense 
has  been  ignored.  The  plan  proved  desirable  in  the  case  of  service 
renewals  however. 

On  the  table  before  you  are  some  characteristic  samples  showing 
electrolytic  effects  on  different  materials: 

1.  Wrought-iron  service  pipe  in  use  about  one  year. 

2.  Lead  service  pipe  in  use  about  nine  months. 

3.  Lead  service  pipe  in  use  about  nine  months,  showing  par- 
ticularly the  effect  of  concentrated  electrolytic  action.  Numbers  two 
and  three  were  cut  from  the  same  pipe. 

4.  Copper  drip  pipe  in  use  about  seventeen  days. 

These  four  samples  have  been  inherited  from  the  Board  of  Com- 
missioners of  Electrical  Subways. 

5.  Piece  of  cast-iron  coupling  box  from  the  Edison  underground 
system  in  use  about  three  years,  loaned  by  Mr.  W.  S.  Barstow. 

6.  Scotch  cast-iron  6-in.  main  in  use  for  thirty  years  in  a locality 
where  electrolytic  disturbances  are  not  known  to  have  appeared,  even 
on  wrought  iron.  This  also  may  be  taken  as  a fair  sample  of  ordinary 
corrosion. 

7.  American  cast-iron  6 in.  main  in  use  for  10  years  in  a locality 
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where  electrolytic  disturbances  are  not  known  to  have  appeared  even 
on  wrought  iron.  This  also  may  be  taken  as  a fair  sample  of  ordinary 
corrosion. 

8.  Cast  iron  from  the  broken  48-in.  main  on  Central  Avenue,  con- 
cerning which  so  many  electrolytic  hypotheses  have  been  advanced. 

It  was  intended  to  present  as  a sample  to-night  a piece  of  2-im 
cast-iron  service  pipe  which  had  been  in  use  for  twenty-six  months  in 
a locality  where  its  predecessors,  whether  wrought  iron  or  lead,  had 
failed  regularly  after  five  months’  use.  This  pipe  was  installed  by 
Mr.  E.  S.  White,  on  January  4th,  1897,  upon  the  suggestion  of  the 
writer,  at  the  engine  house  of  the  Wallabout  Bridge.  Through  the 
courtesy  of  Messrs.  C.  C.  Martin  and  J.  S.  Langthorn,  an  excavation 
was  made  yesterday  for  the  purpose  of  removing  a sample  length; 
but,  as  it  was  impossible  to  detect  any  evidences  of  corrosion,  even  of 
the  ordinary  variety,  we  decided  not  to  disturb  the  service.  The  pipe 
in  question  lies  in  moist,  sandy  soil  within  30  ft.  of  the  tracks.  It  was 
thoroughly  coated  with  asphaltum  varnish,  the  joints  being  calked 
with  lead,  in  the  usual  manner.  Voltmeter  readings,  taken  during 
the  middle  of  the  day,  show  the  pipe  to  be  positive  to  the  rail,  1 volt, 
with  no  cars  passing.  As  the  conditions  have  been  steadily  improv- 
ing at  the  point  in  question,  the  above  reading  probably  under- 
indicates the  severity  of  the  electrical  action  that  the  pipe  has 
undergone. 

Our  experience  in  Brooklyn  would  indicate  that  a very  hard, 
dense,  even-grained  white  cast  iron,  containing  alloyed,  rather  than 
combined,  carbon,  and  coated  with  Dr.  Smith’s  coal  pitch  varnish,  or 
some  of  the  asphaltic  lacquers  that  have  taken  its  place,  is  probably  as 
secure  against  corrosion  as  any  existing  iron  product.  There  is  a field 
for  research  in  this  direction,  however,  in  the  discovery  of  a cast  iron 
that  will  not  be  attached  by  the  acids  set  free  by  electric  currents  in 
the  soil,  and  of  a paint,  varnish,  lacquer  or  oxide  coating  that  will 
absolutely  protect  the  present  grade  of  cast  iron.  This  may  sound 
visionary;  but  the  experience  of  the  underground  cable  people  in 
protecting  their  lead  armor  against  certain  forms  of  decay  by  the 
addition  of  3%  of  tin  indicates  at  least  a possibility  of  similar  success 
in  the  matter  of  cast  iron. 

Professor  Samuel  Sheldon,  of  the  Brooklyn  Polytechnic  Institute, 
is  experimenting  along  this  line,  confining  his  attention  more  particu- 
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larly  to  cast  iron.  The  writer  is  keeping  in  close  tonch  with  these 
tests,  and  is  confident  that  they  will  result  in  interesting  disclosures. 

Those  of  you  who  examine  the  cast-iron  samples  closely  will  notice 
that  the  fractures  of  the  non-electrolyzed  samples  agree  intimately  in 
general  appearances.  The  fracture  of  the  cast-iron  coupling  box, 
which  box  bears  evidences  of  electrolysis,  is  of  a different  character 
entirely.  Here  is  a clue  worth  following  up.  Our  iron  men  ought  to 
be  heard  from,  as  soon  as  they  have  had  time  to  attack  the  samples 
with  microscope  and  chemical  reagents. 

Gentlemen,  the  facts  are  before  you;  the  samples  that  have  been 
presented  are  all  from  Brooklyn.  If  the  Brooklyn  water  authorities 
be  criticised  for  not  stirring  vigorously  in  the  matter,  it  must,  at  least, 
be  acknowledged  that  the  evidence  submitted  of  danger  to  the  mains 
is  very  weak.  However,  the  Dayton  case  should  be  a warning,  and, 
whether,  through  good  luck,  good  management  or  for  some  other 
reason,  our  water  distribution  system  remains  intact,  the  cause  of  such 
safety  must  be  determined. 

And  what  of  the  broader  field  lying  beyond  the  water  supply? 
That,  perhaps,  comes  closer  home  to  each  one  of  you.  The  plumber’s 
bill  for  a water  service,  the  temporary  disablement  of  your  telephone 
or  your  electric  light,  the  manhole  exploding  in  dangerous  proximity 
to  your  person,  your  house  set  afire  by  escaping  gas  mysteriously 
ignited — all  these  might  be  your  portion  were  you  residing  in  some 
other  city.  Here  you  get  off  with  the  plumber’s  bill  and  are  lucky. 

Again,  as  to  damage.  Who  is  to  reimburse  the  injured  taxpayers 
and  corporations?  The  trolley  companies,  or  the  men  who  stood 
sponsors  for  their  franchises? 

It  is  considered  proper,  in  papers  of  this  nature,  for  the  author  to 
apologize  for  bringing  forward  a distasteful  topic  and  to  earnestly 
deny  in  advance  the  mere  imputation  that  he  is  an  alarmist. 

If  to  consider  this  particular  subject  of  electrolysis  seriously, 
impartially  and  with  due  regard  especially  for  its  possibilities  for 
evil,  is  to  be  an  alarmist,  then  the  writer  certainly  is  one.  There  are 
to-day  appearing  in  the  public  press  articles  as  unjust  as  they  are  sen- 
sational, articles  calculated  to  make  the  layman  believe  that  his  only 
safe  course  lies  in  building  his  own  well,  placing  his  dwelling  on 
piles,  lighting  it  by  kerosene,  and  protecting  it  by  a family  fire 
department,  The  writer  has  been  called  upon  from  time  to  time  to 
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prepare  refutations  of  these  sensational  stories,  and  this  paper  owes 
its  existence  to  his  ability  to  do  so.  One  cannot  refute  without 
advancing  counter  arguments.  The  silent  testimony  of  these  samples 
on  the  table  is  unanswerable.  With  the  exception  of  cast  iron,  the 
evidence  is  all  in  favor  of  rapid  injury  caused  by  the  electricity  in  the 
earth.  The  negative  testimony  of  the  cast  iron,  however,  does  not 
permit  us,  in  the  face  of  the  Dayton  experience,  to  hold  that  past 
immunity  necessarily  implies  future  safety.  The  Dayton  pipe  failed 
after  four  years;  ours  may  fail  after  ten. 

Wrought  iron,  lead  and  copper  pipes  are  very  susceptible  to  elec- 
trolytic corrosion;  we  are  sure  of  that.  Cast  iron  holds  forth  some 
hope  that,  under  circumstances  which  we  may  control,  it  can  be  made 
safe  from  this  kind  of  corrosion.  But  we  do  not  know  this;  wTe  are 
merely  assuming  it.  The  assumption  answered  very  well  so  long  as 
there  were  no  proofs  of  its  falsity  to  confront  us. 

We  are  now  called  upon  to  plead  to  the  definite  charge  that  the 
water  distribution  system  of  this  borough  is  dangerously  near  col- 
lapse. Is  the  case  to  go  to  the  plaintiff  by  default?  Or  shall  we  con- 
fess judgment?  Or  will  it  be  best  to  get  our  evidence  into  shape,  and 
stand  trial? 

By  all  means,  get  the  evidence  into  shape.  It  ought  not  to  have 
been  possible,  at  this  day,  for  the  public  press — aje,  and  even 
electrical  experts — to  attribute  the  breaking  of  a water  main  on 
Central  Avenue  to  electrolysis  without  being  met  instantly  by  an 
array  of  refutatory  facts,  gained  from  painstaking  and  repeated 
investigations. 

This  paper,  then,  is  a plea  for  electro-chemical  research  as  to  the 
exact  cause  of  the  corrosion,  as  to  preventatives  and  cures  by  means 
of  additional  wiring,  or  the  adoption  of  systems  of  street  car  propul- 
sion other  than  the  single  trolley;  as  to  the  discovering  of  alloys  that 
are  not  affected  by  present  conditions.  We  need  to  know,  and  to 
know  promptly,  whether  the  decay  of  our  cast  iron  is  slow  or  rapid? 
Whether  it  is  due  to  ordinary  corrosion  entirely,  or  to  corrosion  accel- 
erated by  the  action  of  stray  electricity,  and,  if  due  in  any  measure  to 
electricity,  to  what  extent  and  why?  Whether  the  composition  of  the 
soil,  or  of  the  cast  iron,  is  the  controlling  feature? 

Bright  minds  have  been  at  work  upon  the  problem  for  several  years, 
and  yet  the  solution  has  not  arrived.  This  result  is  attributable 
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largely  to  the  lack  of  that  comprehensiveness  of  action  which  can  only 
be  gained  by  the  united  effort  of  many  minds  working  together. 

As  matters  have  stood  heretofore,  an  expert  arises  in  the  convention 
and  reads  a report  detailing  the  situation  as  to  electricity  in  town  A, 
and  explaining,  possibly,  what  measures  have  been  adopted  to  prevent 
further  trouble.  At  some ' other  convention  another  expert  takes  the 
floor  and  describes  his  experience  with  electrolytic  corrosion  in  town 
B.  A third  expert  publishes  the  results  of  his  experiments  with  bits 
of  metal  buried  in  tin  pails  full  of  earth  from  town  C,  or  with  an  iron 
pipe  in  a wooden  trough.  A gas  works  manager  relates  that  his  com- 
pany in  town  D did  have  trouble  with  leaky  pipes,  but  that  the  railway 
people  connected  a few  wires  to  the  pipes,  and  the  trouble  had 
disappeared. 

Understand,  there  is  no  attempt  made  here  to  belittle  the  import- 
ance of  these  papers  or  reports.  Mention  is  made  of  them  merely  to 
show  that,  while  forming  valuable  additions  to  technical  literature, 
they  are  not  contributing  very  largely  toward  any  solution  of  the  whole 
problem.  We  can  to-day  get  some  facts  from  a great  many  towns; 
what  we  require  is  all  the  facts  from  one  town. 

And,  bearing  in  mind  that  our  attention  must  be  directed  initially 
to  the  specific  case  of  cast  iron,  let  us  not  lose  sight  of  the  broader 
problem.  Is  it  j ust  for  us  to  lend  our  energies  solely  to  the  safeguard- 
ing of  our  water  mains,  allowing  the  other  interests  affected  to  work  out 
their  own  salvation,  and  to  arrange  directly  with  the  railway  companies 
as  to  payments  for  past  injuries  and  as  to  preventatives  for  the  future? 

If  there  be  a solution  of  the  problem,  other  than  the  discarding  of 
the  single  trolley  system,  entirely,  it  is  probably  beyond  the  grasp  of 
any  one  mind,  or  of  any  number  of  minds  acting  independently,  and 
can  be  arrived  at  solely  by  concerted  effort  on  the  part  of  the  street 
railways,  the  municipal  authorities  and  the  corporations  whose  plants 
are  suffering.  A commission  formed  on  the  lines  here  laid  down,  and 
composed  of  one  technical  representative  from  each  of  the  interests 
affected,  could  reasonably  be  expected  to  settle  the  whole  question 
once  and  for  all. 

The  suggestion  is  ventured  that  the  Brooklyn  Engineers’  Club,  in 
in  the  absence  of  a commission,  can  do  yeoman  work  in  a preliminary 
way  if  it  so  desires.  Will  you  limit  your  interest  in  electrolysis  to  the 
ensuing  discussion? 
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Mr.  Brown. 
Mr.  Wynkoop. 


Mr.  Brown. 
Mr.  Wynkoop. 


Mr.  Meem. 


DISCUSSION. 


Mr.  Robert  P.  Brown. — I would  like  to  ask  Mr.  Wynkoop  what 
condition  Milwaukee  is  in  at  the  present  time. 

Mr.  H.  S.  Wynkoop. — I do  not  know.  I have  taken  the  stand  that 
we  gain  very  little  by  getting  a job  lot  of  reports  from  other  towns.  I 
have  been  through  that  mill  until  I am  perfectly  bewildered.  I get  a 
little  information  here  and  a little  there;  and  I have  made  up  my  mind 
that  until  somebody  establishes  an  information  bureau  that  will  get 
all  the  reports  from  all  these  towns  it  would  be  hardly  worth  while  to 
go  into  the  matter.  I do  not  know  what  the  conditions  are  in  Milwaukee 
at  present.  I haven’t  heard  from  there  in  two  years.  At  that  time 
they  were  having  more  or  less  trouble  of  one  kind  or  another. 

Mr.  Robert  P.  Brown.  — It  has  been  claimed  that  the  conditions  in 
Brooklyn  about  six  years  ago  were  a great  deal  worse  than  at  the 
present  time. 

Mr.  H.  S.  Wynkoop. — In  speaking  of  the  refusal  to  permit  bonding 
to  water  mains,  I gave  my  reasons  for  so  doing.  I do  not  want  to  be 
taken  as  believing  personally  that  such  a thing  is  not  a help.  I think 
that  if  the  bonding  were  carried  out  universally,  that  is  to  say,  if  it 
took  care  of  everything,  water  pipes,  gas  pipes,  and  everything  in  the 
neigborhood  that  needed  attention— it  would  probably  be  a pretty  good 
thing.  But  the  Department  couldn’t  very  well  permit  that,  for  the 
reasons  given.  Mr.  Brown  is  undoubtedly  right  in  saying  that  this 
bonding  is  a help.  I cannot  see  how  it  can  be  an  absolute  cure,  how- 
ever, as  he  seems  to  consider  it.  I made  the  statement  that  it  is  a 
palliative,  not  a cure,  and  gave  my  reason;  I don’t  see  how  you  can 
very  well  consider  it  as  anything  else.  As  long  as  there  are  any  service 
pipes  failing,  there  will  be  more  or  less  doubt  in  the  public  mind  as  to 
the  condition  of  all  the  pipes  in  the  Borough  of  Brooklyn. 

Now,  the  main  point  of  this  whole  discussion  is  the  showing  up  of 
the  fact  that  we  don’t  know  how  to  answer  the  public.  Nobody  has 
ever  taken  up  this  matter  in  such  thoroughly  comprehensive  shape  as 
to  be  able  to  reply  to  these  sensational  arguments.  We  can  state  that 
this  remedy  has  been  applied  here,  and  that  remedy  there — to 
one  pipe  or  another.  By  the  time  a person  gets  out  his  statement  that 
the  trouble  is  stopped,  a newspaper  article  comes  out,  detailing  a 
recurrence  of  the  trouble  in  another  spot  where  the  remedy  was  sup- 
posed to  have  proved  effectual. 

Mr.  J.  C.  Meem. — Referring  to  the  statement  about  cast-iron  pipe,  I 
saw  some  cast-iron  pipe  in  Wilmington  unquestionably  affected  by 
electrolysis — one  6-in.  and  a 4-in.  section,  I think.  Out  of  curiosity  I 
examined  them.  I think  one  of  them  had  three  or  four  holes  in  it  just 
as  if  they  had  been  bored  out  in  that  shape. 
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I would  like  to  ask,  if  it  is  absolutely  necessary  to  protect  a pipe,  Mr.  Meem. 
whether  it  would  not  be  simpler  to  lay  a heavy  copper  wire  along  in 
connection  with  it.  Wouldn’t  that  prevent  electrolysis? 

Mr.  H.  S.  Wynkoop.—  I do  not  see  how  it  could.  By  putting  a Mr.  Wynkoop. 
copper  wire  there  you  would  simply  be  furnishing  another  path  for 
the  electricity,  and  wherever  the  electricity  actually  got  off  the  copper 
it  would  be  apt  to  get  off  of  the  lead,  wrought  iron  or  cast  iron,  at  the 
same  time. 

Mr.  J.  C.  Meem.  - I was  merely  asking  for  information.  Wouldn’t  Mr.  Meem. 
electricity  follow  the  copper  wire  in  preference  to  following  the  pipe? 

Mr.  H.  S.  Wynkoop. —Electricity  will  follow  the  pipe  almost  as  Mr.  Wynkoop. 
readily  as  the  wire;  and  in  that  case  you  would  get  electrolysis  of  the 
copper  wire  and  electrolysis  of  the  cast-iron  pipe,  or  wrought-iron 
pipe  or  whatever  it  might  be.  If,  however,  you  carry  the  copper  wire 
directly  back  to  some  legitimate  conductor,  such  as  a rail  or  return 
feeder,  or  something  of  that  sort,  then  you  practically  stop  all  electro- 
lytic action. 

Mr.  J.  C.  Meem. — They  would  have  to  be  connected  then?  Mr.  Meem. 

Mr.  H.  S.  Wynkoop — Certainly.  That  is,  generally  speaking,  the  Mr.  Wynkoop 
scheme  that  is  carried  out  in  this  bonding  that  Mr.  Brown  spoke  of. 

The  idea  is  that  if  there  is  a tendency  for  the  current  to  leave  a pipe 
it  is  only  necessary  to  put  a clamp  and  a bond  on  the  pipe  which  the 
current  is  leaving  in  order  to  carry  away  the  electricity  without  afford- 
ing any  great  chance  of  electrolysis. 

Mr.  J.  C.  Meem. — I think  that  was  done  in  Wilmington,  too.  Mr.  Meem. 

Mr.  H.  S.  Wynkoop. — Yes,  that  has  been  done  all  over  the  country.  Mr.  Wynkoop. 
I think  that  Brooklyn  has  held  back  more  than  any  other  city  that  I 
know  of  in  that  matter.  Whether  we  were  wise  in  doing  so  or  not 
remains  to  be  seen.  We  have  certainly  dodged  a number  of  lawsuits 
just  by  our  action  in  that  matter. 

Mr.  J.  C.  Meem.— If  there  is  a good  return  wire  between  the  rails,  Mr.  Meem. 
does  not  that  come  nearer  solving  the  problem  than  anything  else? 

Mr.  H.  S.  Wynkoop. — It  would  help;  *but,  as  I say,  you  cannot  get  Mr.  Wynkoop. 
rid  of  the  electricity  on  the  pipes  until  you  have  an  infinitely  low 
resistance  by  a legitimate  return.  Otherwise,  the  current  is  bound  to 
split  up,  part  following  one  path  and  part  following  another.  Now, 
the  lower  resistance  of  the  legitimate  return,  the  more  current  will 
follow  it  and  the  less  will  take  the  other  path  through  the  pipes.  But 
even  assuming  that  the  companies  spend  millions  of  dollars  in  returns, 
they  would  still  have  an  appreciable  resistance  in  their  return  circuit. 

You  never  could  get  that  perfect.  Consequently,  some  electricity 
would  follow  the  pipes. 

Mr.  George  W.  Tillson. — Can’t  you  have  a return  wire  that  would  Mr.  Tiilson. 
carry  the  electricity  back  to  the  power  house  without  touching  the 
earth  at  all? 
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Mr.  Wynkoop.  Mr.  H.  S.  Wynkoop. — That  is  being  done  now.  The  greater  part 
of  the  current  would  go  back  through  the  return  wire;  part  of  it 
would  go  back  through  the  earth.  Only  one  town  in  the  country  has 
stuck  it  out  in  the  matter  of  an  insulated  return. 

Mr.  Tillson.  Mr.  Geobge  W.  Tibbson. — How  about  the  underground  system  in 
Manhattan?  There  is  no  trouble  with  that. 

Mr.  Brown.  Mr.  Robebt  P.  Bbown. — No,  though  occasionally  the  insulation 
breaks  down. 

Mr.  Tillson.  Mr.  Geobge  W.  Tibbson. — What  I mean  is:  The  real  cause  of  the 
trouble  is  owing  to  the  fact  that  the  electricity  escapes  from  the  con- 
ductor into  the  earth.  Prom  the  rail  it  gets  into  the  earth,  and  then 
is  scattered  over  these  different  pipes.  If  it  were  practically  and 
financially  possible — I mean  by  financially  possible,  practicable — to 
confine  this  current,  then  there  would  be  no  trouble. 

Mr.  Brown.  Mr.  Robebt  P.  Bbown. — As  a matter  of  fact  the  percentage  that 
does  reach  the  pipes  is  very  small,  because  iron  pipe  has  about  six 
times  the  resistance  which  a cross-section  of  steel  rail  has.  I think  it 
is  a little  higher.  Almost  any  combination  of  water  and  gas  pipes  and 
other  things  considered  does  not  offer  as  great  sectional  area  as  the 
rails  in  a great  many  of  the  streets. 

Mr.  Tillson.  Mr.  Geoege  W.  Tibbson. — I was  reading  a report  of  the  American 
Water  Works  Association,  I think  it  was  last  year,  in  which  they 
recognized  the  fact  that  it  was  impossible  to  do  away  entirely  with 
electricity  in  the  pipes,  and  they  recommended  a system  of  smoothing 
off  the  pipes  at  intervals  that  might  be  decided  to  be  necessary,  and 
then  putting  clamps,  such  as  Mr.  Wynkoop  spoke  of,  around  those 
places  that  had  been  smoothed  so  as  to  get  a good  contact,  and  then 
fasten  the  clamp  by  a copper  rivet,  and  then  connect  the  rivet  to  the 
rails.  I was  interested  particularly  in  that,  because  it  was  a sugges- 
tion that  came  from  the  Water  Works  Association  to  use  the  water 
pipe,  which  they  seemed  to  think  would  give  no  trouble. 

Mr.  Meem.  Mr.  J.  C.  Meem.  — Is  there  any  leakage  from  the  underground  trolley? 

Mr.  Wynkoop.  Mr.  H.  S.  Wynkoop. — Not  to  amount  to  anything.  The  leakage 

due  to  bad  insulation  of  underground  trolleys  is  right  among  their 
yokes,  and  if  the  breakdown  is  on  one  side  the  chances  are  the  other 
side  will  give  way  somewhere  in  the  neighborhood,  and  the  double 
break  enables  the  electricity  to  jump  down,  go  down  a yoke  or  two, 
and  come  up  on  the  other  side,  and  so  it  is  all  self-contained.  The 
only  property  that  gets  damaged  is  the  property  of  the  company 
itself.  That  is  my  impression,  of  course.  1 have  had  no  direct  expe- 
rience with  underground  trolleys.  Mr.  Knudson’s  paper  of  last  fall 
seems  to  show  that  there  is  no  such  thing  as  leakage  of  any  import- 
ance from  the  underground  trolley. 

Mr.  Brown.  ]Vlr.  Robebt  P.  Bbown. — I don’t  like  to  hurt  anybody  else  in  this. 

I am  a little  puzzled  why  Mr.  Wynkoop  did  not  carry  that  point  a 
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little  further,  and  say  the  greater  part  of  Mr.  Knudson’s  report  was  Mr.  Brown, 
based  on  the  assumption  that  the  leakage  came  from  the  electric  light 
systems  and  not  from  the  trolleys. 

Mr.  H.  S.  Wynkoop. — I did  not  intend  to  conceal  that  fact,  Mr.  Wynkoop. 
because  Mr.  Knudson  did  prove  something  against  the  electric  light 
company.  However,  I thought  it  irrelevant,  and  left  it  out.  But  he 
did  prove  conclusively  in  his  tests,  however,  that  the  great  leakage 
he  found  uptown  was  due  to  the  Union  Railway  Company;  for  he  got 
the  company  to  shut  down  their  line,  and  the  "little  leakage  that  still 
remained  he  traced  directly  to  the  Edison  Company. 

Mr.  Robert  P.  Brown. — That  was  uptown  where  those  tests  were  Mr.  Brown, 
made,  particularly  because  at  that  time  the  Lenox  Avenue  line  was 
the  only  one  running.  Tests  were  made  before  any  extensions  were 
put  on,  and  that  district  was  the  one  that  was  operated.  But,  still,  if 
you  notice,  his  tests  for  a portion  of  the  city,  particularly  in  the 
neighborhood  of  the  Edison  station,  show  the  existence  of  as  bad 
positions  as  anywhere  in  Brooklyn. 

Mr.  H.  S.  Wynkoop. — You  mean  as  bad  as  any  place  the  city  ofii-  Mr.  Wynkoop. 
cials  are  supposed  to  know  about.  I would  like  to  say,  Mr.  Brown, 
you,  also,  seem  to  suffering  from  loss  of  memory  in  a small  degree. 

You  don’t  mention  the  fact  that  Mr.  Knudson  discovered  trolley  leak- 
age down  in  the  neighborhood  of  Park  Row,  on  the  bridge  cables, 
etc.,  and  he  attributed  that  leakage  entirely  to  the  Brooklyn  trolley 
companies. 

Mr.  B.  P.  Legare. — Are  there  any  reports  about  breakage  of  pipes,  Mr.  LegarS. 
etc.,  in  the  neighborhood  of  Hamburg  Avenue? 

Mr.  H.  S.  Wynkoop. — No;  the  curious  thing  is  that  nobody  seems  Mr-  Wynkoop. 
to  be  seriously  investigating.  The  telephone  company,  when  I talk 
to  them,  say  they  are  satisfied.  If  I talk  to  the  gas  company,  they 
say  that  they  have  just  employed  experts,  and  are  going  to  suggest 
remedies;  that  the  experts  of  the  trolley  companies  are  working  in 
harmony  with  them,  and  they  are  going  to  attend  to  the  gas  mains. 

The  city  officials  say  that  our  cast-iron  water  mains  are  perfectly  safe, 
so  what  is  the  use  of  caring  about  the  other  pipes?  Nobody  seems  to 
know.  But,  I presume  that  the  Hamburg  Avenue  case  could  be 
classed  almost  with  the  Central  Avenue  case. 

Mi.  B.  P.  Legare.— No,  it  wouldn’t;  not  quite;  for  the  reason  they  Mr.  Legare. 
don’t  have  any  bond  at  all. 

Mr.  H.  S.  Wynkoop.— I had  a definite  statement  two  weeks  ago  Mr.  Wynkoop. 
from  the  men  at  the  pipe  yard  of  the  Department  of  Water  Supply,  to 
the  effect  that  they,  in  their  past  experience,  had  found  no  case  what- 
ever of  a break  in  a cast-iron  main  that  was  any  different  in  appear- 
ance from  the  old-fashioned  breaks  they  used  to  have  before  the 
trolleys  came  into  the  Borough  of  Brooklyn.  There  is  not  a case  of 
electrolysis  on  record  in  the  Department  of  Water  Supply,  and  these 
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men  are  the  fellows  who  have  been  a good  many  years  in  the  depart- 
ment, and  have  had  experience  in  all  the  different  kinds  of  pipes,  and 
know  pretty  well  what  a pipe  ought  to  look  like  when  it  has  been  in 
the  ground  for  some  years.  Does  that  cover  the  point  that  you  wish 
to  make,  Mr.  Legare? 

Mr.  B.  P.  Legare.  —Not  exactly.  It  is  entirely  different.  We  have 
had  a good  many  cases  from  other  places.  The  answer  of  the  public 
when  there  is  a broken  pipe  is:  Go  and  fix  it.”  Of  course,  it  is  well 

known  that  railroad  companies  would  do  those  things  and  the  city 
wouldn’t. 

Mr.  H.  S.  Wynkoop. —The  current  went  back  probably  on  the  water 
pipes  largely.  I do  not  think  that  it  is  fair  that  the  burden  should  be 
thrown  on  the  railroad  companies.  But  it  is  at  present,  and  has  been 
in  the  past.  I think  the  matter  should  be  taken  up  systematically  and 
comprehensively  by  the  authorities. 

Mr.  Martin. — I was  very  much  interested  in  this  paper;  and  I heart- 
ily agree  with  Mr.  W^ynkoop  that  it  would  be  of  the  greatest  value  if  this 
subject  was  thoroughly  investigated  and  a report  prepared,  so  that  we 
would  be  able  to  say  that  certain  conditions  had  been  compl  ed  with, 
according  to  certain  reports,  and,  therefore,  we  are  safe.  I had 
occasion  to  notice  how  much  we  were  influenced,  and  how  many 
people  were  frightened  by  reports  of  electrolysis  in  connection  with 
the  Brooklyn  Bridge.  At  times  the  newspapers  have  made  reports 
that  the  bridge  is  in  danger;  and  the  people  have  actually  taken  to  the 
ferries.  Traffic  has  increased  on  the  ferries  and  fallen  off  on  the 
bridge,  in  consequence  of  such  reports.  Perhaps  it  might  be 
interesting  to  know  some  of  the  reasons  why  the  bridge  is  safe. 

As  Mr.  Wynkoop  says,  cast  iron  seems  to  be  quite  free  from  the 
effects  of  electrolysis,  and  it  happens  that  the  plates  of  the  Brooklyn 
Bridge  are  cast  iron.  They  are  about  13-ton  cast-iron  plates.  I notice 
in  the  new  bridge  that  they  have  some  steel  plates;  but  they  are  evi- 
dently going  to  have  a mass  of  wrought  iron,  but  in  their  plates,  as  in 
the  Brooklyn  Bridge  plates,  they  are  going  to  be  thoroughly  covered  in 
with  cement,  and  that  brings  me  to  the  second  point,  the  anchor  plates. 
These  plates  are  cast  iron  and  are  to  be  covered  in  with  cement  to  such 
a distance  from  the  surface  that  there  will  be  no  acids  present  there. 
However,  we  have  lots  of  current  on  the  bridge.  No  doubt  the  bonds 
deteriorate.  Of  course  the  rails  of  the  trolley  tracks  are  laid  on  wood, 
and  there  can  only  be  surface  leakage  over  the  bridge  structure.  We 
investigated  that  matter,  and  concluded  that  the  best  way  to  meet  that 
was  to  provide  a return  circuit  back  to  the  power  house.  I or  that 
purpose  we  connected  the  trolley  tracks  with  the  bridge  railroad  tracks. 
That  gave  double  tracks  with  deep  rails  for  carrying  the  current  to  a 
point  which  we  selected,  which  was  the  tower,  so  that  the  trolley  tracks 
are  connected  right  straight  across  to  the  bridge  tracks.  At  the  bridge 
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tower  we  dropped  a couple  of  large  cables  into  the  river,  and  connected  Mr.  Martin, 
those  with  the  plates. 

The  first  plates  put  in  were  of  wrought  iron,  and  they  disappeared 
in  about  two  months,  and  also  a copper  wire  leading  to  those  plates. 

We  have  now  substituted  for  that  a 12-in.  cast-iron  pipe  that  will  prob- 
ably last  longer.  We  have  also  had  one  other  connection  off  the 
bridge,  that  is,  the  pneumatic  tubing.  You  see,  we  don’t  allow  the 
trolley  tracks  to  rest  on  or  be  in  any  way  connected  with  the  bridge 
structure.  We  connect  them  to  the  bridge  railroad  tracks,  but  they, 
in  turn,  are  insulated  by  the  ties  from  the  bridge  structure,  so  that  we 
try  to  keep  the  trolley  tracks  insulated  from  the  bridge  structure  itself. 

But  the  bridge  structure  is  connected  very  thoroughly  with  those 
pneumatic  tube  pipes,  so  that  whatever  current  does  get  onto  the  bridge 
structure  is  promptly  conveyed  off  by  those  pipes,  and  has  no  tendency 
to  go  down  the  cables  and  anchor  plates.  Before  we  made  this  connec- 
tion to  the  river  our  tests  showed  that  there  was  a difference  of  poten- 
tial on  the  Brooklyn  side  of  anywhere  from  four  to  six  volts  between 
the  trolley  tracks  and  the  water  of  the  river.  Just  as  soon  as  we  made 
these  connections  into  the  river  the  difference  of  potential  dropped  very 
appreciably  on  the  bridge,  and  showed  that  the  wires  were  doing  good 
service  in  cutting  down  the  difference  in  potential. 

Mr.  Willard  S.  Tuttle.— I would  like  to  ask  Mr.  Wvnkoop  if  the  Mr.  Tuttle, 
favorable  impression  that  cast  iron  has  produced  is  not  in  some  way 
connected  with  the  surface  of  the  pipe.  For  instance,  you  will  find 
that  the  lead  pipe  and  the  wrought-iron  pipe  have  comparatively  free, 
pure  metallic  surfaces.  Cast-iron  pipes  are  most,  if  not  all,  of  them 
coated  with  asphalt,  which  is  a sort  of  insulation.  Also,  that  the  coat- 
ing that  is  formed  upon  the  casting  by  a sort  of  oxide  of  iron  or  silicate 
combination  protects  the  casting  a great  deal.  You  remove  that 
scale,  and  the  casting  will  rust  much  quicker.  You  leave  that  scale 
on,  and  the  casting  is  more  durable. 

Mr.  H.  S.  Wynkoop.— In  connection  with  that  I will  say  that  the  Mr.  Wynkoop. 
matter  has  been  brought  up  in  the  past.  We  tried  to  get  as  near  to  a 
solution  of  that  as  possible  by  this  case  of  Washington  Avenue.  The 
conditions  there  were  at  one  time  extremely  unfavorable.  That  was 
due  to  a combination  of  circumstances  for  which  the  trolley  companies 
were  not  really  responsible.  We  had  fifteen  volts  at  one  time  there 
while  the  tracks  were  all  torn  up,  and  the  return  feeders  were  torn  to 
pieces.  It  was  at  this  time  that  we  found  our  wrought-iron  and  lead 
services  were  failing  rapidly.  That  is  to  say,  they  failed  most  rapidly 
at  that  period,  although  they  did  fail  quite  rapidly  at  other  times. 

I got  the  smallest  cast-iron  pipe  that  the  plumber  could  furnish, 

2 ins.,  and  put  that  pipe  in;  and,  as  I say,  that  pipe  has  been  there 
twenty-six  months.  It  was  uncovered  and  found  in  such  good  condi- 
tion that  there  was  absolutely  no  use  taking  it  out. 
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Mr.  Wynkoop.  In  regard  to  the  statement  as  to  asphalt  lacquers  or  coating  that 
Mr.  Tuttle  has  spoken  of  as  being  present  on  cast  iron,  I would  say 
that  those  remedies  have  been  applied  in  the  form  of  commercial  var- 
nishes to  wrought  iron  and  lead,  and  they  have  not  proved  efficacious. 
The  very  large  surface  of  the  cast  iron  undoubtedly  aids  in  protecting 
it ; but  we  cannot  lay  the  immunity  from  trouble  on  cast  iron  to  the 
fact  that  the  surface  is  so  much  greater,  because  this  immunity  from 
corrosion  is  a peculiarity  of  cast  iron  generally.  In  England  they  find 
that  a good  grade  of  cast-iron  pipe  when  used  in  salt  water  under  the 
influence  of  the  rise  and  fall  of  the  tide  lasts  indefinitely.  Cheaper 
grades  will  not  last  indefinitely.  The  Subway  Commission,  I believe, 
brought  that  out  in  their  report  four  years  ago,  quoting  from 
some  prominent  civil  engineer  who  said  that  the  good  grade  of  white 
cast  iron  would  stand  indefinitely  in  salt  water.  He  mentioned  condi- 
tions under  which  the  cheap  grade  of  cast  iron  had  gone  all  to  pieces 
and  the  white  cast  iron  remained.  However,  we  don’t  know  how  safe 
the  white  cast  iron  is  electrolytically.  We  haven’t  been  able  to  find 
very  many  cases  of  its  failure  from  this  cause.  That  was  the  main 
reason  I brought  the  samples  down  to-night.  You  will  notice  that  the 
fracture  of  the  sample  that  has  been  corroded  is  decidedly  darker, 
and  lacks  largely  the  metallic  luster  of  the  fractures  of  the  unattacked 
iron. 

Mr.  Strachan.  Mr.  Joseph  Stkachan. — In  regard  to  the  tramway  work  that  the 
author  spoke  of,  if  the  greater  part  of  the  current  had  gone  back  over 
that  pipe  would  that  explain  the  immunity  of  the  pipe  from  failure  ? 
As  I understand  the  trouble,  it  comes  from  the  current  going  from  one 
conductor  to  another,  that  is,  that  the  effect  is  due  indirectly  to  elec- 
tricity, the  electricity  making  a sort  of  a deposition  of  sulphates  in 
the  soil,  and  other  matters,  and  so  causing  acids  to  work  directly  on 
the  pipe,  thus  making  electrolysis  an  indirect  effect  of  the  electricity. 
Now,  I suppose  if  the  total  absence  of  fish  plates  or  any  connections 
caused  the  greater  part  of  the  electricity  to  pass  back  on  that  pipe 
there  would  be  no  passing  and  repassing  from  the  pipe.  Would  that 
possibly  explain  the  immunity  of  the  pipe  ? 

Mr.  Wynkoop.  Mr.  H.  S.  Wynkoop. — It  would  be  very  apt  to  do  so.  In  that  case 
the  only  thing  we  would  want  to  investigate  would  be  the  condition  of 
the  joints.  Now  in  Milwaukee  they  found  resistance  of  such  cast-iron 
pipe  joints  as  they  measured  to  be  very  low.  In  other  cities  where 
they  have  made  similar  measurements  the  resistances  were  found  to 
be  very  high.  In  both  cases  lead  caulking  was  employed.  If  the 
electricity  could  pass  readily  along  the  pipe  line  there  would  be  abso- 
lutely no  chance  for  electrolysis.  The  only  damage  that  could  happen 
would  occur  at  a joint  of  high  resistance. 

A Member.  A Member  —I  want  to  ask  Mr.  Wynkoop  how  high  the  difference 
in  potential  would  have  to  be  to  cause  electrolysis? 
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Mr.  H.  S.  Wynkoop. — We  have  a lot  of  conflicting  information  on  Mr.  Wynkoop. 
this  subject.  Some  say  3 or  4 volts,  some  say  10.  Under  certain  con- 
ditions that  might  occur  in  the  soil'^  or  ^0,  or,  perhaps,  a smaller 
fraction  of  a volt  pressure  would  cause  electrolysis. 

Now,  in  England  they  are  handling  the  matter  by  limiting  the 
voltage  that  may  be  permitted  to  exist  between  the  water  pipe  and  the 
rail.  I think  it  is  somewhere  in  the  neighborhood  of  2 to  4 volts. 

Mi.  F.  S.  Woodward.  We,  of  the  Edison  Company,  are  naturally  Mr. Woodward, 
on  the  lookout  for  the  effects  of  electrolysis  and  take  voltmeter  read- 
ings. I think  the  maximum  reading,  as  I remember  it,  on  the  cables 
along  Fourth  Avenue  was  between  8 and  9 volts;  and  we  found  that 
pressure  varying  at  different  times  in  the  day.  We  took  and  bonded 
the  cables  at  a point  where  the  voltage  ran  highest,  and  ran  return 
feeders  down  to  the  power  house  on  Thirty-ninth  Street  and  Eifty- 
eighth  Street.  That  seemed  to  drop  the  difference  in  voltage  along 
the  line  as  between  our  lead-covered  cable  and  the  neighboring  lamps. 

Mr.  H.  S.  Wynkoop. — The  telephone  people  are,  in  some  instances,  Mr.  Wynkoop. 
carrying  150  amperes  away  from  their  lead  armors.  You  see  they 
have  no  joints  in  the  system,  and  consequently  they  can  take  care  of 
that  current.  It  goes  along  harmlessly  on  their  lead  armors,  and  they 
are  simply  furnishing  the  lead  armor  to  the  railway  companies  as  an 
additional  track  return.  These  methods  are  all  right  in  their  case; 
but  they  don’t  know  what  damage  they  are  doing  to  somebody  else. 

They  are  looking  at  it  from  a selfish  standpoint. 

A Member.— A point  has  occurred  to  me  which,  perhaps,  will  throw  A Member, 
some  light  on  the  apparent  immunity  of  the  cast  iron  under  certain 
conditions.  The  author  of  the  paper  has  spoken  of  cast  iron  in 
Brooklyn  not  showing  the  bad  effects  of  electrolysis,  and  Mr.  Meem 
has  spoken  of  several  pipes  in  Wilmington  which  did  show  such  action. 

It  occurred  to  me  that  perhaps  the  proportion  between  good  and  poor 
conductors  in  a given  city  would  explain  that  difference;  that  in  a city, 
m which  the  proportion  of  good  conductors  was  very  great  compared 
to  the  amount  of  cast  iron  in  the  ground,  the  cast  iron  would  not  show 
so  much  the  effects  of  the  current. 

Mr.  H.  S.  Wynkoop. — I question  whether  the  proportion  does  not  Mr.  Wynkoop. 
hold  reasonably  close  in  all  cities;  for,  though  we  have  a very  much 
larger  feeder  return  system  here  for  our  trolleys,  we  also  must  have  a 
much  larger  water  distribution  system. 

Mr.  E.  S.  WooDWARD.-My  recollection  is  that  each  one  of  the  Mr. Woodward, 
different  metals  requires  a different  voltage  for  starting  the  decompo- 
sition; and  that  after  it  is  once  started  a slightly  lower  voltage  can  be 
used.  The  voltage  that  occurs  to  my  mind  is,  in  iron,  somewhere  between 
2 and  3 volts  to  carry  on  a deposition  or  plating,  as  we  might  look  at 
it.  The  voltage  stated,  I think  on  authority  of  Professor  Thompson, 
was  somewhere  between  5 and  6 at  the  beginning,  and  then  dropped 
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Mr.Woodward. 

Mr.  Brown. 
Mr.Woodward. 
Mr.  Wynkoop. 


down  to  between  2 and  3;  so  that  if  yon  could  keep  the  difference  in 
potential  lower  than  that  no  trouble  would  result  anywhere. 

Mr.  Robert  P.  Brown. — That  would  depend  on  the  material  of  the 
pipe  and  the  density  of  current  flow  and  also  upon  the  soil. 

Mr.  F.  S.  Woodward. — He  claimed,  no  matter  what  the  density  was, 
if  the  voltage  wasn’t  high  enough,  no  action  would  take  place. 

Mr.  H.  8.  Wynkoop. — How  about  Dr.  Fleming’s  latest  report  on 
the  subject?  He  has  knocked  out  all  the  recognized  notes  in  regard 
to  the  electro-chemical  equivalent  of  wrought  iron.  He  weighed  the 
samples  after  he  had  passed  between  them  a known  quantity  of  elec- 
tricity at  a certain  voltage  for  a certain  length  of  time.  When  he  got 
all  through  he  found  the  losses  to  be  in  excess  of  what  could  be 
accounted  for  by  any  electro-chemical  formula.  He  tried  a number 
of  voltages — perhaps  from  1 to  5 volts — something  like  that.  It  isn’t 
a question  of  voltage  at  all;  it  is  a question  of  the  oxide  on  the  pipe,  a 
question  of  moisture  in  the  soil  and  of  salts  in  the  soil;  the  voltage  is 
merely  an  accessory.  If  you  can  get  all  the  conditions  right,  you  may 
get  electrolysis;  whereas  under  other  circumstances  you  can’t  start 
electrolysis  on  10  volts.  Your  figures  probably  hold  good  in  some 
cases;  I don’t  think  you  will  find  them  universally  true. 


BROOKLYN  ENGINEERS'  CLUB,* 


No.  1 8. 


PLANS  AND  SPECIFICATIONS. 

A Discussion  by  Edwin  Dukyea,  Jr.,  M.  B.  E.  C. ; Walter  V.  Craneoed, 
Assoc.  M.  B.  E.  C. ; and  E.  Conway  Shaler,  M.  B.  E.  C. 

Presented  April  13th,  1899. 

Mr.  Edwin  Duryea,  Jr. 

Specifications  are  written  by  the  engineer  to  define  the  quality  of 
work  he  wants,  and  from  his  point  of  view  are  supposed  to  show  the 
lower  limit  of  quality,  as  “not  poorer  than,”  “ at  least  as  good  as,” 
etc.  They  are  used  by  the  contractor  more  in  making  up  his  bid 
than  at  any  later  period,  and  from  his  point  of  view  are  construed  as 
the  upper  limit  of  quality,  as  “ not  better  than,”  “at  least  as  poor 
as,”  etc. 

In  practice,  due  to  the  usual  tendencies  of  human  nature,  the 
contractor’s  view  is  the  one  which  holds  on  the  actual  construction, 
partly  because  it  is  common  for  engineers  to  specify  more  than  they 
absolutely  insist  on  having,  but  mainly  because  the  contractor  will 
always  refuse  to  do  better  work  than  the  specifications  call  for,  though 
not  usually  adverse  to  doing  poorer. 

Specifications  can  not  be  considered  alone.  They  must  be  taken  in 
conjunction  with  the  inspection,  which  is  their  final  interpretation 
and  enforcement.  Almost  anything  is  subject  to  honest  differences 
of  interpretation,  while  the  enforcement  depends  largely  on  the 
personal  qualities  of  the  inspector. 

publication lUb  iS  DOt  responsible’  as  a body,  for  the  facts  and  opinions  advanced  in  this 
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Aside  from  interpretation,  there  are  many  kinds  of  work  of  which 
the  desired  quality  can  hardly  be  described  in  writing,  notably  the 
finer  kinds  of  finish  in  stone-cutting.  This  difficulty  is  sometimes 
met  (as  by  the  New  Croton  Aqueduct  Commission  in  their  specifica- 
tions) by  specifying  that  the  quality  must  be  equal  to  that  of  a sample 
preserved  in  the  office  of  the  Chief  Engineer,  or  to  some  finished 
piece  of  work  in  the  vicinity.  (Sample  wall,  Croton  Gate-House 
rubble  facing,  etc.) 

When  no  such  samples  are  specified,  and  dependence  must  be 
placed  entirely  on  the  written  specifications,  the  result  is  not  fixed, 
but  depends  directly  on  the  personal  judgment  of  the  engineer 
in  charge.  He  will  probably  resort  to  the  sample  method  at 
once  and  fix  the  quality  by  pointing  out  special  cases  to  his  in- 
spectors—“ this  must  be  rejected,”  “that  will  just  pass,”  “this  is 
satisfactory.” 

It  is  especially  necessary  that  specifications  be  very  clear  as  to 
methods  of  measurement.  Much  trouble,  and  often  litigation,  is 
caused  by  any  ambiguity  in  this  respect.  The  old  method  of  paying 
“ extra  haul  ” on  railroad  excavations  after  a certain  haul  from  the 
center  of  gravity  of  the  cut  is  an  instance  of  this.  While  the  center 
of  gravity  is  a mathematical  point,  it  is  an  imaginary  point,  invisible, 
and  measurements  based  on  it  are  too  likely  to  result  in  disagree- 
ments and  disputes.  A much  clearer  and  better  way  was  in  use  on  a 
railroad  on  which  I worked  in  the  West;  here  all  hauls  were  measured 
from  the  mouth  of  cut,  and  no  “extra  haul”  was  paid  except  for 
hauls  over  1 000  ft. 

Another  instance  in  which  care  should  be  used  is  in  specifying 
how  stone  for  masonry  shall  be  paid  for.  There  are  three  ways  in 
common  use:  per  cubic  yard  of  actual  completed  masonry,  per  cubic 
yard  of  actual  stone  (water-displacement)  in  the  masonry,  and  per 
cubic  yard  of  the  smallest  rectangular  block  which  will  just  enclose 

each  stone.  The  three  methods  give  materially  different  quantities, 
and  I have  known  serious  disagreements  to  arise  from  specifications 
not  stating  clearly  any  method  of  measurement. 

Timber  constructions  are  also  a class  in  which  methods  of  measure- 
ment need  to  be  closely  defined.  The. term  “per  M”  may  be 
construed  variously,  with  differences  of  10%  or  more  in  some 
structures  taking  much  framing  and  using  sized  timber.  But  the 
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term  “per  cubic  foot  of  timber  left  in  the  work”  admits  of  no 
difference  of  opinion. 

In  sinking  piers  by  the  pneumatic  process,  it  is  quite  usual,  in 
the  West,  to  pay  for  the  sinking  “per  cubic  foot  of  excavation,  to  be 
computed  by  multiplying  the  base  of  caisson  by  the  distance  of 
cutting-edge  below  standard  low  water.”  This  is  very  definite,  does 
away  with  any  consideration  of  changes  in  the  river-bed,  and  allows  a 
uniform  price  to  be  used  over  the  varying  sized  piers  of  a bridge. 

Methods  of  payment  may  sometimes  be  specified  that  will  give 
the  contractor  an  incentive  to  do  the  difficult  parts  of  his  work  more 
thoroughly.  In  pile-constructions,  a smaller  price  per  lineal  foot 
for  “ piles  cut-off ” than  for  “piles  left  in  the  work,”  or  a price  for 
the  latter  item  only,  will  nearly  always  result  in  the  piles  being 
driven  deeper.  It  is  for  a similar  reason  much  easier  to  get  good 
foundations  for  railroad  culverts,  etc.,  if  the  specifications  provide 
that  “excavations  below  water  shall  be  paid  for  at  double,  or  pre- 
ferably treble  or  quadruple,  the  actual  quantities.” 

Specifications  may  also  be  drawn  so  as  to  prevent  unbalanced  bids, 
which  it  is  sometimes  expedient  to  do.  As  an  example,  the  New 
Croton  Aqueduct  for  many  years  called  for  a price  for  masonry  laid 
in  natural  cement  mortar,  and  for  an  additional  price  wffien  Portland 
cement  was  substituted  instead.  The  bids  for  this  additional  price 
were  generally  excessively  high,  much  greater  than  the  actual 
additional  cost,  so  in  the  specifications  for  the  New  Croton  Dam  and 
the  Jerome  Park  Reservoir  it  was  provided  that  the  addition  should 
be  fixed  as  a specified  percentage  of  each  bid  on  masonry  with  natural 
cement  mortar. 

The  most  sweeping  attempt  of  this  kind  to  prevent  unbalanced 
bids  occurred  in  New  Jersey  a year  or  two  since,  when  the  contract 
and  specifications  contained  a balanced  schedule  giving  a fixed  price 
for  each  item  of  the  work,  and  the  bids  consisted  only  in  each  bidder 
giving  the  percentage  of  this  schedule  for  which  he  would  do  the 
work. 

The  “lump  sum  ” method  of  paying  for  work  is  used  in  some  con- 
tracts and  specifications,  but  it  seems  to  me  that  the  “ unit  price” 
method  is  greatly  to  be  preferred.  The  former  seems  much  in  favor 
with  financiers  and  n on-technical  men,  mainly  because  they  think 
that  in  this  way  a fixed  and  definite  cost  for  the  work  is  insured  from 
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the  beginning.  This  often  fails  to  be  the  case,  however,  and  there  are, 
besides,  many  pieces  of  work  on  which  a “Inmp  sum”  bid  can  hardly 
be  made  intelligently.  There  are  two  very  bad  features  in  the  “lump 
sum ’’method.  In  the  first  place,  lump  sum  bids  should  always  be 
higher  than  itemized  ones,  because  there  is  nearly  always  some  uncer- 
tainty as  to  quantities,  and  no  intelligent  contractor  can  be  expected 
to  do  otherwise  than  to  cover  this  risk  by  his  bid.  Secondly,  it  is  very 
often  desirable  during  the  progress  of  a piece  of  work  to,  make  slight 
changes  in  the  plans  or  to  make  additions  to  the  work.  This  it  is  very 
easy  to  do  when  the  work  has  been  let  by  “unit  prices,”  but  if  by 
“lump  sum  ” the  least  change,  unless  in  the  interest  of  the  contractor, 
is  likely  to  cause  bad  feeling,  and  no  addition  can  be  made  except  by 
making  a separate  contract  or  by  some  agreement  as  to  extra  work. 
The  only  advantage  claimed  for  the  “lump  sum”  method,  that  the 
cost  is  known  definitely  beforehand,  is  seeming  only,  as  an  engineer’s 
careful  preliminary  estimate  of  quantities,  combined  with  the  unit 
price  bids,  will  give  as  close  a result.  But  it  is  often  very  hard  to  con- 
vince others  that  this  is  the  case. 

In  writing  specifications,  care  should  be  taken  not  to  specify  im- 
possibilities or  impracticabilities.  I have  known  carefully  drawn  speci- 
fications to  err  in  this  respect.  (Headers  and  narrow  pier).  It  is  also 
very  important  that  nothing  be  omitted,  as  the  specifications  form  the 
basis  of  the  agreement  and  should  therefore  state  clearly  all  the  work 
to  be  done  under  it.  There  are  two  sure  means  to  guard  against 
omissions — to  review  carefully  in  the  mind  all  the  operations  of  the 
work  in  their  natural  order  and  see  that  each  is  provided  for  in  the 
specifications;  to  consult,  in  making  your  specifications,  all  earlier 
ones  you  can  obtain  which  relate  to  similar  work. 

Most  good  specifications  are  matters  of  growth,  of  gradual  improve- 
ment on  previous  ones.  The  execution  of  almost  any  piece  of  wTork 
will  reveal  particulars  in  which  the  specifications  can  be  improved, 
and  will  thus  tend  to  perfect  the  specifications  for  future  work.  For  this 
reason  it  is  a great  safeguard  in  making  new  specifications  to  do  so 
with  former  ones  at  hand,  as  the  older  ones  may  generally  be  supposed 
to  have  had  many  bad  points  weeded  out  and  many  omissions  sup- 
plied. 

In  the  opening  paragraph  it  was  said  that  specifications  were 
regarded  by  the  engineer  as  fixing  the  lower  limit  of  quality.  They 
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are  so  worded,  but  as  a matter  of  fact  they  often  specify  more  than  the 
engineer  intends  to  actually  insist  on  in  all  cases.  From  general  con- 
siderations, it  would  seem  best  to  include  nothing  in  specifications 
which  it  is  not  intended  to  always  enforce  (concrete  stone,  sharp  sand, 
concrete  layers,  embankment  layers,  pile-driving,  etc.)  and  this  course 
should  certainly  be  followed  in  a general  way.  However,  since  in 
practice  all  contractors  use  the  specifications  as  an  upper  limit  only, 
and  most  inspectors  have  become  used  to  this  view,  an  engineer  must 
usually  ask  for  rather  more  than  he  wants  in  order  to  get  as  much. 

To  conclude,  specifications  are  a part  of  a legal  instrument,  of  an 
agreement  between  two  parties  as  to  the  performance  of  certain  definite 
pieces  of  work.  The  essence  of  all  legal  agreements  is  mutual  under- 
standing. It  is  evident  that  specifications  cannot  fully  perform  their 
purpose  unless  they  state  fully,  without  omission,  every  piece  of 
work  which  is  to  be  done,  and  its  desired  quality,  and,  moreover,  unless 
they  do  this  in  language  so  plain  and  explicit  that  but  one  meaning 
can  be  deduced  from  it. 

Mb.  Walteb  Y.  Ceanfoed. 

The  preparation  of  a specification  is  of  great  importance  to  all  the 
parties  at  interest;  to  the  purchaser,  the  engineer  or  architect,  and  the 
contractor.  It  is  important  to  the  purchaser,  for  it  describes  the  work 
to  be  performed,  how  it  should  be  performed  and  the  kind  of  materials 
to  be  used.  It  is  obvious,  therefore,  that  the  more  carefully  a speci- 
fication is  drawn,  the  more  fully  it  states  the  requirements  of  the 
purchaser,  the  more  completely  it  deals,  both  in  its  general  clauses 
and  its  details,  with  the  work  to  be  performed,  the  more  likely  the 
purchaser  is  to  get  the  work  done  honestly  and  in  accordance  with  his 
wishes  and  requirements.  One  of  the  most  frequent  causes  of  disputes 
between  purchasers  and  contractors  is  the  specification  which  is  gen- 
eral in  its  character,  which,  after  describing  in  very  general  terms 
some  detail,  ends  up  the  clause  by  “and  all  to  the  satisfaction  of  the 
engineer  or  architect.” 

It  is  important  to  the  engineer  or  architect,  because,  if  it  is  carefully 
drawn,  it  makes  his  duties  less  arduous,  it  prevents  disputes  and  ren- 
ders his  relations,  both  to  his  client  and  to  the  contractor,  very  much 
more  agreeable.  But  as  I understand  the  wishes  of  the  Committee, 
they  desire  that  I should  present,  at  this  meeting,  the  contractor’s 
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view  of  what  is  necessary  in  a specification.  I have  therefore  run 
over  its  application  to  purchaser  and  engineer  and  will  endeavor  to 
give  the  contractor’s  view  of  what  is  necessary  in  a satisfactory  speci- 
fication. 

In  the  general  clauses  of  a specification  it  is  usual  to  state  in  a 
general  way  the  object  to  be  attained  by  the  contract,  the  requirements 
which  must  be  complied  with  in  order  that  the  proposal  can  be  accepted, 
and  in  order  that  the  bids  can  be  figured  on  a common  basis.  These 
clauses  are  generally  sufficiently  full  to  enable  a proper  understand- 
ing of  the  character  of  the  work,  and  are  fair  for  all  the  parties  in 
interest.  As  we  come  to  the  body  of  the  specifications,  however,  it 
seems  to  me  that  they  cannot  be  prepared  too  carefully,  or  go  into  too 
great  detail  in  describing  the  work  to  be  performed,  and  should  be 
supplemented  by  plans  showing  the  work  as  it  is  intended  to  be  on 
completion. 

No  one  thing  contributes  so  much  to  disputes  and  misunderstand- 
ings between  purchaser  and  contractor  as  faulty  and  meager  specifica- 
tions. The  engineer  in  preparing  specifications  cannot  exercise  too 
much  care  or  describe  too  minutely  the  manner  in  which  he  desires 
the  work  to  be  performed.  A little  time  spent  in  drawing  up  the 
specifications  renders  his  labors  comparatively  easy  and  no  fault  can 
be  found  when  he  insists  upon  the  work  being  done  in  accordance 
with  the  clear  wording  of  the  agreement. 

It  is  too  often  the  case,  however,  that  the  engineer  regards  the  con- 
tractor as  an  individual  with  whom  he  is  bound  to  quarrel.  That 
his  duties  are  only  to  look  after  his  client’s  interest  and  to  get  as 
much  out  of  the  contractor  as  possible.  This,  I think,  is  a mistake. 
It  is  true  that  the  engineer  or  architect  is  directly  employed  by  the 
purchaser,  but,  nevertheless,  he  has  duties  to  the  contractor  as  w’ell. 
He  is,  as  a rule,  made  the  arbiter  or  judge  of  matters  under  dispute, 
and  it  becomes  his  duty,  in  the  equity  of  things,  to  see  that  the  con- 
tractor is  also  protected.  It  is  here  that  the  clearness  of  detail  in  the 
specifications  is  of  great  importance  to  the  contractor.  It  defines  the 
character  of  work  to  be  performed,  and  if  he  has  been  foolish  enough 
to  expect  that  the  work  can  be  done  in  a manner  different  from  that 
described  in  the  specification,  he  cannot  complain  if  he  is  obliged  to 
do  the  work  in  a proper  fashion.  But  unfortunately,  too  many  speci- 
fications are  vague  in  just  this  particular. 
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I remember  an  instance  in  which  this  was  clearly  shown.  The  work 
in  hand  was  the  building  of  a house.  The  specifications  for  the  trim 
described  a simple  pine  trim  of  a given  breadth  and  thickness  and 
made  to  the  specification  of  the  architect.  Now,  the  opinion  of  the 
builder  and  the  architect  as  to  what  comprised  a simple  pine  trim 
were  two  very  different  things.  The  contractor  had  in  mind  a trim  that 
could  be  purchased  at  the  mill  from  stock  patterns  and  at  a very  much 
cheaper  cost  than  that  which  the  architect  desired.  The  result  was 
inevitable.  The  contractor  felt  that  the  architect  was  obliging  him  to 
furnish  something  very  different  and  more  expensive  than  what  he 
figured  on;  at  the  same  time  the  architect  was  well  within  the  limits 
of  the  specifications  and  the  contractor  had  to  comply  with  his 
demands. 

There  is  another  point  to  which  I wish  to  allude,  and  that  is  the 
practice  of  those  interested  in  the  preparation  of  specifications  to  call 
for  certain  work  of  an  unknown  quality  to  be  performed,  where  the 
compensation  is  to  be  included  in  the  price  named  for  another  and 
distinct  item  of  the  work.  To  the  inexperienced  bidder  this  some- 
times is  regarded  as  of  not  much  importance,  and  he  makes  no  allow- 
ance for  it,  but  in  these  times  of  low  prices,  these  items  do  count  a 
great  deal  in  the  aggregate,  and,  on  some  work,  may  prove  to  be  just 
the  difference  between  profit  and  loss. 

In  conclusion  let  me  say,  that  it  seems  to  me  the  contractor’s 
interest  is  too  often  lost  sight  of  in  the  preparation  of  a specification, 
the  idea  being  to  protect  the  purchaser  absolutely  and  often  at  the 
expense  of  what  appears  to  be  just  and  fair  business  methods.  I be- 
lieve that  should  the  contractor’s  interest  be  taken  more  into  account 
and  the  specifications  be  drawn  in  such  a manner  that  there  could  be 
no  misunderstanding  as  to  their  intent,  the  relations  between  pur- 
chaser, engineer  and  contractor  would  be  more  agreeable  and  friendly 
and  better  results  be  obtained  in  the  performance  of  the  work  under 
the  contract. 

Me.  E.  Conway  Shalee. 

Engineering  specifications  consist  of  a series  of  specific  provisions, 
each  one  of  which  defines  and  fixes  some  one  element  of  the  contract. 
These  clauses  relate,  in  general,  first,  to  the  work  to  be  done;  second, 
to  the  business  relations  of  the  two  parties  to  the  contract. 
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First. — They  explain  the  plans,  if  any,  and  define  the  character  of 
materials  and  methods  to  be  employed  on  the  work,  or,  if  there  are 
no  plans,  they  embody  the  principles  and  rules  in  accordance  with 
which  plans  must  be  drawn  and  the  work  executed.  In  this  sense 
specifications  enable  the  bidder  to  estimate  the  cost  of  the  proposed 
work,  and,  after  the  contract  is  let,  they  serve  as  rules  of  inspection 
and  acceptance  of  such  work. 

Second. — Specifications  define  the  rights  and  duties  of  the  two 
parties  to  the  contract  to  each  other  and  embody  proper  provisions 
for  changes  in  plans  and  for  settlement  of  disputes  which  may 
arise.  They  also  describe  the  conditions  of  payment,  acceptance, 
etc.,  etc. 

There  are  three  general  classes  of  engineering  specifications  : 

(a)  Specifications  accompanying  complete  detail  plans. 

( b ) Specifications  accompanying  general  plan  only. 

(c)  Specifications  unaccompanied  by  any  plans,  and  commonly 
known  as  general  specifications.  All  of  the  above  are  in  common  use, 
and  each  has  its  own  particular  sphere  of  usefulness. 

(a)  When  the  design  is  novel  or  the  engineer  wishes  a particular 
design  carried  out.  In  the  case  of  public  works  the  law  requires 
open  competition  and  also  specifies  that  the  work  be  let  to  the 
lowest  bidder;  this  necessitates  full  plans  to  avoid  an  inadequate  or 
inferior  design  being  put  into  competition  with  better  ones  and,  from 
its  diminished  cost,  receiving  the  contract. 

(&)  When  the  bidders  are  limited  to  a selected  class  of  contractors, 
who  have  reputations  to  lose  if  they  do  inferior  work,  the  engineer 
may  prepare  very  general  plans  only  and  allow  the  contractor  to 
submit  the  details  in  accordance  with  the  requirements  of  the  specifi- 
cations and  the  approval  of  the  engineer. 

(c)  When  the  contractor  furnishes  his  own  plan  with  his  bid,  pro- 
vided the  finished  work  answers  equally  well  certain  prescribed 
demands. 

Specifications  are  composed  of  two  clauses,  general  and  specific. 
General  clauses  relate  to  the  business  portion  of  the  contract,  or 
define  the  relations  of  the  parties  to  the  contract  as  a business 
proposition.  Specific  clauses  are  descriptive  of  features  of  design, 
either  explaining  plans,  materials  to  be  used,  or  the  methods  to  be 
employed. 
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General  clauses  may  relate  to  any  or  all  of  the  following  subjects: 

(1)  Time  of  commencement,  rate  of  progress,  and  time  of  comple- 
tion of  the  work. 

(2)  As  to  the  character  of  the  workmen  employed. 

(3)  Suitable  appliances  to  be  used. 

(4)  Monthly  estimates  of  the  work  done  and  payments  to  be  made. 

(5)  Provision  for  inquiring  into  the  correctness  of  the  monthly  esti- 
mates. 

(6)  Reserving  a certain  percentage  as  a repair  fund  for  a stated 
period  after  completion. 

(7)  Conditions  of  the  final  estimate. 

(8)  Engineers’  measurements  and  classifications  final  and  con- 
clusive. 

(9)  Determination  of  damages  sustained  by  failure  to  complete  the 
work  within  time  agreed  upon,  or  as  extended. 

(10)  The  discharge  of  unpaid  claims  of  workmen  and  material  men. 

(11)  No  claims  for  damages  on  account  of  suspension  of  work. 

(12)  No  claims  for  damages  on  account  of  delay. 

(13)  No  claims  on  account  of  unforeseen  difficulties. 

(14)  Protection  of  finished  work. 

(15)  Protection  of  lives  and  property. 

(16)  Protection  against  any  claims  for  use  of  patents. 

(17)  Assignment  of  contract. 

(18)  Contractor  not  released  by  sub-contract. 

(19)  Abandonment  of  contract. 

(20)  Cancellation  of  contract  for  default  of  contractor. 

(21)  Workmen’s  quarters  and  other  temporary  buildings. 

(22)  Cleaning  up  after  completion. 

(23)  Removal  of  condemned  material. 

(24)  Relations  to  other  contractors. 

(25)  Provision  for  drainage. 

(26)  Provision  for  public  traffic. 

(27)  Contractor  to  keep  foreman  or  head-workman,  also  copy  of 
plans  and  specifications  on  the  ground. 

(28)  Cost  of  examination  of  completed  work. 

(29)  Faults  to  be  corrected  at  any  time  before  final  acceptance. 

(30)  Surveys,  measurements  and  estimates  of  quantities  not  guar- 
anteed to  be  correct. 
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31)  Contract  subject  to  interpretation  and  change  by  the  engineer. 

(32)  Settlement  of  disputes. 

(33)  Extra  work. 

(34)  Definition  of  “Engineer”  and  “Contractor.” 

(35)  Documents  composing  the  contract. 

(36)  Meaning  understood. 

Essential  features  of  good  specifications : 

(a)  The  work  should  be  described  first  as  a whole,  and  then  in 
detail. 

(b)  Use  clear  and  simple  language,  easily  understood  by  the  con- 
tractors who  are  to  bid.  Descriptions  should  refer  to  the  ultimate 
end  to  be  accomplished  rather  than  to  the  means  and  methods  em- 
ployed. It  is  not  wise  to  specify  methods  unless  a particular  one  is 
preferable. 

(c)  The  clauses  in  specifications  should  be  made  mutually  exclu- 
sive; no  part  of  the  work  should  be  described  in  more  than  one  place. 
Repetition  of  descriptions  tends  to  weaken  the  document. 

(a)  Specifications  should  be  clear  in  the  matter  of  indicating  what 
is  absolutely  required  without  any  alternative,  and  what  is  named  as 
indicating  in  general  the  character  of  the  product,  and  in  which  alter- 
native materials,  methods  or  results  will  be  allowed.  The  intention 
of  the  engineer  should  be  revealed  in  the  specifications;  the  con- 
tractor should  know  in  advance  how  the  specifications  are  to  be 
interpreted,  so  far  as  it  is  possible  to  give  this  information  in  the 
specifications  themselves. 

(e)  The  engineer  should  be  familiar  with  all  details  of  the  work 
described,  so  as  to  decide  on  various  contingencies  that  may  arise. 
This  requires  considerable  experience  on  the  part  of  the  engineer  who 
writes  the  specifications,  that  his  foresight  in  this  particular  may  be 
complete  and  distinct. 

(/)  Choose  units  of  measure  that  shall  admit  of  no  double 
meaning. 

(g)  The  engineer  should  be  familiar  with  the  ordinary  methods 
employed  by  different  kinds  of  mechanics  and  should  design  his  work 
accordingly.  It  is  difficult  to  get  mechanics  to  vary  their  ordinary 
practice;  the  failure  to  recognize  this  fact  often  leads  to  the  violation 
of  the  contract  or  the  abandonment  of  the  strict  interpretation  of  the 
specifications  by  the  engineer. 
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(h)  Don’t  specify  the  very  highest  and  best  materials  the  market 
affords;  it  is  cheaper  to  use  materials  with  a minimum  limit  fairly 
below  the  generally  recognized  first-class  grade.  The  engineer  will 
thus  usually  obtain  a material  practically  as  good  as  the  market  af- 
fords without  having  to  pay  an  extravagant  price  for  it,  and  not  be 
subjected  to  the  delays  and  troubles  caused  by  the  rejection  of  a large 
proportion  of  the  material  furnished. 

(i)  It  is  best  to  avoid  specifying  a particular  manufactured  product 
or  proprietary  article  by  name;  if  this  is  done  at  all,  more  than  one 
name  should  be  given. 

(j)  It  is  not  uncommon  to  specify  that  the  materials  furnished 
shall  be  of  well-known  brands;  it  is  also  sometimes  specified  that  the 
contractor  himself  must  show  a familiarity  with  the  work  he  proposes 
to  perform. 

(Jc)  The  engineer  should  have  a clearly  defined  notion  as  to  the 
amount  of  responsibility  to  be  placed  on  the  contractor;  the  former 
should  be  responsible  for  faults  in  his  own  design,  materials  and 
methods  of  execution.  Only  in  hazardous  or  experimental  work,  hav- 
ing no  well-defined  plan,  should  the  contractor  be  responsible,  and 
should  be  left  comparatively  free,  both  as  to  plan  and  execution. 

( l ) The  specifications  should  be  rigidly  enforced,  instead  of  accept- 
ing other  materials  or  methods  “ just  as  good.”  Don’t  discriminate 
against  other  bidders  in  favor  of  the  lowest,  who,  probably,  pre- 
sumed to  use  cheap  methods  and  materials.  If  a cheaper  com- 
pliance is  allowed,  a corresponding  reduction  in  price  should  be 
insisted  upon. 

The  above  are  some  of  the  numerous  controlling  ideas  which  the 
engineer  should  have  clearly  in  mind  in  the  writing  of  a set  of  en- 
gineering specifications.  He  must  know  in  the  first  place  exactly 
what  he  wants,  and  then  to  so  describe  it  that  others  cannot  mistake 
his  meaning.  The  general  and  detail  plans  are  usually  made  before 
the  specifications  are  written,  and  the  engineer  has  these  before  him 
in  writing  the  specifications,  and  makes  liberal  reference  to  them. 
Since  they  are  also  a part  of  the  specifications,  he  has  the  advantage 
of  a double  language  in  which  to  present  his  ideas,  and  if  he  does  not 
succeed  in  making  clear  to  the  proposed  contractors  exactly  what  is 
to  be  done,  he  should  feel  that  he  alone  is  to  blame  for  any  misunder- 
standing. 
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DISCU  S SION. 


Mr.  Meserole.  Mr.  W.  M.  Meserole. — I think  a good  many  of  us  can  remember  when 
we  were  not  drawing  our  own  specifications.  We  had  then  to  find  out 
what  those  specifications  meant.  My  first  work  was  on  the  West  Shore 
Railroad  and  the  specifications  used  on  that  work  were  published  as 
examples  of  up-to-date  practice,  but  unless  they  have  been  materially 
amended  from  what  they  were  when  used  on  the  actual  work,  I do  not 
think  they  are  models  to  be  recommended.  The  masonry  specifica- 
tions were  especially  rank  m the  minor  classes  of  which  such  large  quan- 
tities are  built,  scattered  along  the  line  of  the  road  and  entirely  under 
the  supervision  of  the  youngest  and  most  inexperienced  engineers. 
They  are  .classified  somewhat  as  follows: 

First  class;  used  in  abutments  and  piers  of  large  bridges  and  in 
similar  important  structures. 

Second  class;  used  in  ordinary  highway  crossings  wdiere  the  rail- 
road passes  over  highways  on  girders. 

Third  class;  rubble  masonry  used  in  box  culverts,  in  the  abutments 
of  highway  bridges  passing  over  the  road,  and  in  retaining  walls. 

Fourth  class;  dry  retaining- wall  masonry. 

When  the  specifications  called  for  third-class  masonry,  the  engi- 
neer could  get  little  idea  from  the  specifications  except  that  good  work 
was  called  for,  therefore  all  he  could  do  was  to  fight  for  the  best  he 
could  get.  Almost  any  stone  that  was  brought  on  the  job  the  con- 
tractor could  claim  was  fit  to  go  into  the  work  without  much  dressing. 
The  resident  engineer  could  not  help  the  assistant  engineer  out  much 
because  of  the  indefiniteness  of  the  specifications.  Now,  I think,  to 
draw  up  such  specifications  as  that  is  a confession  of  great  weakness  on 
the  part  of  the  engineer,  and  the  engineer  who  cannot  specify  exactly 
what  he  wants  had  better  get  somebody  to  draw  the  specifications  for 
him. 

Then  the  question  of  measurements  has  been  spoken  of.  The  engi- 
neer wants  to  be  very  particular  in  stating  in  his  contract  and  speci- 
fications what  his  units  of  measurements  are.  The  perch  of  stone- 
work has  about  as  many  different  meanings  as  there  are  States  in  the 
United  States.  I think  it  runs  down  as  low  as  8 cu.  ft.  in  some  locali- 
ties, and  how  far  upwards  I couldn’t  begin  to  say.  Then  when  he  gets 
into  cut-stone  masonry  and  into  house  work,  generally,  he  has  got  to 
know  all  about  it. 

Now  the  last  speaker  started  out  with  thirty-seven  subjects  that 
should  be  considered  in  making  up  specifications.  I think  it  is  the 
experience  of  most  of  the  engineers  who  have  to  make  specifications 
that  they  usually  put  it  off  until  the  last  minute,  and  then,  if  they  do 
not  have  a good  set  of  specifications  to  refer  to,  one  or  more  of  the 
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thirty-seven  subjects  mentioned  will  be  apt  to  escape  their  memory,  Mr.  Meserole 
and  they  thereby  get  into  trouble  or  make  trouble  for  others. 

Now,  it  seems  to  me,  that  this  Club,  with  such  a membership, 
could  do  some  good  work  for  its  members.  If  those  who  have  good 
specifications  that  they  have  worked  under  were  to  turn  them  over  to 
the  Library  Committee,  with  notes  showing  wherein  they  were  especi- 
ally weak  or  otherwise,  I think  that  Committee  would  undertake  to 
have  them  properly  codified,  so  that  they  would  be  of  service  to  every 
member  who  had  occasion  to  draw  up  specifications.  I have  no  doub^ 
the  Board  of  Directors  would  see  that  the  expense  of  classifying  and 
codifying  such  matter  would  be  met.  I think  that  this  is  a matter 
that  the  Club  might  take  up  at  some  future  time. 

Now,  in  specifications,  it  has  very  often  been  stated,  and  once  this 
evening,  that  all  disputes,  all  questions  of  measurements,  all  questions 
of  workmanship,  disputes  as  to  the  character  of  the  work  and  material, 
and  all  that  sort  of  thing  shall  be  left  to  the  engineer;  that  his  judg- 
ment shall  be  final,  and  from  which  there  shall  be  no  appeal.  I think 
that  is  not  a good  plan.  I do  not  believe  that  any  man  has  a right  to 
set  himself  up  in  any  business  transaction  as  a final  arbiter,  without 
the  consent  of  both  parties.  The  engineer  is  ordinarily  employed,  or 
retained  in  some  way  by  the  purchasing  end  of  the  business.  It  seems 
to  me  that  the  fair  way  is  to  provide  for  an  arbitration.  I never 
worked  on  but  one  job  where  we  had  arbitration  specifically  provided 
for,  and  in  that  job  the  president  of  the  construction  company 
and  the  president  of  the  railroad  company  used  to  get  together 
every  week  and  modify  the  contract,  which  would  have  made  any 
attempt  to  unwind  the  tangle  in  that  case  a first-class  Chinese 
puzzle.  But,  it  does  seem  to  me  that  the  contractor  should  have  some 
standing  in  the  settlement  of  disputes,  and  that  arbitration  should 
be  provided  for  on  matters  that  are  of  sufficient  importance  to  call  for 
such  action. 

It  has  been  stated  here  that  an  engineer  should  be  careful  not  to 
determine  in  the  specifications  exactly  what  method  should  be  followed 
in  the  proposed  method  of  construction.  I think  that  is  a recom- 
mendation that  should  be  considered  carefully  before  being  followed. 

I think  in  many  cases  the  engineer  is  able — if  he  isn’t,  he  ought  to  be — 
to  state  beforehand  the  method  that  will  bring  about  the  exact  results 
he  desires  to  obtain  in  the  work,  and  that  he  should  be  sufficiently  sure 
of  himself  to  actually  state  them  in  such  a way  that  there  would  be  no 
question  about  it  (if  one  method  is  so  much  better  in  his  opinion 
than  the  others,  so  that  he  sees  fit  to  rule  out  the  others)  and  then  to 
live  right  up  to  that.  Of  course,  there  are  sometimes  a great  many 
ways  of  bringing  about  the  desired  result.  In  such  cases  I hold  that 
the  engineer  should  be  very  careful  to  state  exactly  what  results  are  to 
be  obtained,  and  leave  out  the  methods  entirely. 
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Mr.  Meserole.  Now,  something  was  said  about  the  first  and  second  parties  to  the 
contract,  that  the  first  party  was  the  party  who  paid,  and  the  second 
party,  the  man  who  did  the  work.  It  has  always  seemed  to  me  that 
the  man  who  was  to  do  the  first  act  should  be  the  party  of  the  first 
part,  and  the  man  who  was  to  do  the  second  act  the  party  of  the 
second  part.  The  first  act  is  to  provide  material,  to  provide  the  labor, 
and  to  turn  over  a finished  job.  Then  the  second  party  comes  up  and 
receives  it.  The  buyer  should  then  be  the  second  party. 

I would  like,  if  this  discussion  can  take  that  direction  at  sometime 
during  the  evening,  to  hear  some  opinions  of  the  engineers  present  on 
the  advisability  of  engineers  in  calling  for  bids  for  work  which  would 
call  for  a design  to  be  furnished  as  apart  of  the  bid,  as  in  bridge  work 
for  instance,  or  whether  it  is  considered  that  the  engineer  should  fur- 
nish all  designs.  That  is,  whether  or  not  the  contracting  company  desir- 
ing to  have  the  work  done  should  furnish  the  design,  and  that  bidders 
should  all  bid  on  one  design.  That  is  a matter  that  has  received  a 
good  deal  of  discussion  outside  the  profession,  very  often  to  the  detri- 
ment of  engineers,  and  I would  like  to  hear  what  the  men  of  the 
profession  think  about  it. 

It  has  been  said  this  evening  that  the  results  should  be  very  clearly 
described  in  the  specifications.  For  certain  kinds  of  work  this  can  be 
done.  In  the  case  of  the  finer  kinds  of  stone  cutting,  however,  I don’t 
think  you  can  put  the  result  in  writing.  The  Aqueduct  Commission 
kept  standard  samples  for  such  work  in  their  offices  and  referred  to 
those  samples  in  their  specifications;  and  they  recognized,  also,  that 
dry  masonry  cannot  well  be  described  in  specifications.  It  seems  to 
me  that  there  are  quite  a number  of  things  that  cannot  be  properly 
described  in  writing. 

Mr.  Granger.  Mr.  A.  B.  Granger. — It  seems  to  me  the  idea  of  this  general  speci- 
fication scheme  is  to  avoid  trouble  which  has  occurred  in  a good  deal 
of  city  work,  both  here  and  in  New  York.  For  instance  there  has  just 
been  drawn  up  a general  specification  on  very  important  work  which 
did  not  specifically  call  for  a fixed  design.  The  contractors  are  asked 
to  submit  their  own  designs  and  detailed  specifications. 

This  subject  has  been  discussed  a great  deal,  and  I do  not  see  why, 
with  all  the  engineering  force  that  the  municipalities  have,  they 
couldn’t  go  into  this  thing  in  detail,  and  get  up  a plan  on  which 
contractors  could  bid. 

Then,  there  is  another  point  which  I would  like  to  bring  out,  that 
is  the  importance  of  having  the  terms  of  payment  specified  in  the 
specifications,  so  that  the  contractor  could  know  when  lie  is  looking  at 
it  whether  he  wants  to  bid  or  not.  The  question  of  finance  in  large 
contracts  is  an  important  one,  and  the  contractor  doing  his  work  all 
on  his  own  financiering  has  got  to  consider  the  question  of  the  time 
that  this  contract  is  to  run,  and  the  terms  of  payment  he  is  going  to 
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get  on  it.  He  has  got  to  figure  on  the  question  of  inspection,  and  a Mr.  Granger, 
good  many  things  that  affect  his  bid  very  materially. 

Mr.  N.  P.  Lewis. — There  are  one  or  two  things  that  I want  to  say  Mr.  Lewis, 
concerning  lump-sum  bids  versus  itemized  bids.  I have  been  sur- 
prised on  several  occasions  to  hear  the  advocacy  of  lump-sum  bidding 
on  the  ground  that  the  contractor  is  almost  certain  to  overlook  some 
of  the  items,  and  that  the  purchaser  is  likely  to  get  the  benefit  of  it. 

That  is  a piece  of  sharp  practice,  which  I think  is  unworthy  of  the 
purchaser,  if  he  is  a man,  a corporation,  or  an  institution  of  any 
character.  Now,  I believe  that  it  is  only  just  that  every  particular 
item  of  work  of  different  classes  should  be  bid  for  separately,  so  that  there 
can  be  no  misunderstanding  whatever  as  to  what  work  the  contractor 
has  to  do.  It  may  cost  a trifle  more  in  the  end,  but  you  have  the  con- 
sciousness of  doing  absolute  justice.  It  very  frequently  happens, 
however,  that  it  is  utterly  impossible  to  foresee  every  contingency 
which  may  arise,  and  to  provide  for  all  the  work  which  is  necessary  to 
be  done  to  carry  out  the  improvements  in  a satisfactory  manner.  Under 
contracts  let  by  private  companies,  or  individuals,  this  is  a simple 
matter.  In  municipal  work,  however,  it  is  a very  difficult  thing,  es- 
pecially if  the  work  is  to  be  paid  for  by  an  assessment  upon  the 
property  benefited.  It  is  almost  impossible  to  make  a supplemental 
contract  for  extra  work  without  running  the  risk  of  invalidating  the 
assessment,  for  you  cannot  show  the  people  who  have  to  pay  for  it  that 
they  have  had  the  benefit  of  competition  in  this  one  item. 

Frequently  contracts  are  authorized  by  legislative  bodies,  which 
attempt  to  describe  them  minutely,  instead  of  providing  for  the 
improvement  in  a general  way,  and  then  allowing  the  administrative 
officer,  or  the  engineer,  to  carry  out  the  work  in  a suitable  and  proper 
way. 

The  actual  drawing  of  the  specification  and  soliciting  of  the  bids 
may  take  place  a year  or  more  after  the  improvement  has  been  author- 
ized, and  you  find  yourself  tied  down  by  the  authority  which  was 
given  you,  which  attempts  to  specify  items,  but  has  omitted  some- 
thing essential  which  you  are  obliged  to  have  done  and  to  provide  that 
the  price  must  be  included  in  some  other  item.  This  is  unsatisfactory 
and,  in  my  judgment,  unjust. 

The  system  of  unbalanced  bidding  is  a very  troublesome  one. 

There  seem  to  be  contractors  so  constituted  that  it  is  utterly  impossi- 
ble for  them  to  put  in  a straight  and  frank  bid,  with  a reasonable  price 
for  each  item.  The  specifications  which  have  been  used  for  years  by 
the  City  of  New  York  present  a curious  anomaly.  On  one  of  the  first 
pages  it  is  distinctly  stated  that  no  bid  which  does  not  name  a suffi- 
cient and  reasonable  price  for  every  item  will  be  considered.  Yet  this 
same  contract  devotes  half  a page  in  laboriously  providing  that  where 
partial  estimates  are  given,  and  an  unreasonable  price  may  be  named 
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Mr.  Lewis,  for  any  particular  item,  the  amount  to  be  paid  shall  not  be  determined 
by  the  amonnt  of  work  of  that  class  which  has  been  done  multiplied 
by  this  unreasonable  price,  but  that  only  the  fair  value  of  the  whole 
amount  of  work  done  shall  be  allowed.  Such  curious  inconsistencies 
have  been  perpetrated  year  after  year. 

Now,  while  I believe  in  making  a contract  or  specification  just  as 
clear  and  explicit  as  possible,  there  is  such  a thing  as  excess  of  detail. 
It  is  about  as  serious  a thing  to  say  too  much  in  describing  work  of 
any  class  as  it  is  not  to  say  enough,  and  my  attention  has  recently 
been  called  to  several  specifications  which  go  into  such  details  in  a 
very  absurd  manner.  For  instance,  a recent  specification  in  describ- 
ing the  making  of  concrete  for  the  foundation  of  a street  pavement, 
described  at  great  length  that  the  stone  should  be  brought  on  the 
ground  in  proportions  of  2 parts  of  a certain  sized  stone,  very  speci- 
fically described,  to  1 of  another  part  of  stone  described  with  equal 
exactness,  and  that  they  should  be  placed  in  separate  piles.  The 
cement  and  sand  should  be  mixed  on  a platform  of  given  dimensions, 
after  which  the  center  of  the  platform  should  be  scraped  clean,  and 
the  mixture  made  in  a ring  of  uniform  section  and  a certain  diameter. 
One-third  of  the  pile  of  the  larger  sized  stone,  after  having  been  wet 
and  drained,  should  be  placed  inside  of  the  ring,  and  to  this  should 
be  added  one-third  of  the  pile  of  smaller  sized  stone.  Over  this  stone 
should  then  be  sprinkled  one-third  of  the  surrounding  dry  mixture  of 
sand  and  cement.  On  this  dry  layer  shall  then  be  scattered  one-half 
of  the  remainder  of  each  pile  of  stone  having  been  wet  and  drained  as 
before,  and  this  layer  shall  be  sprinkled  with  water.  One-half  of  the 
remaining  dry  mixture  shall  then  be  spread,  followed  by  the  remaining 
one-third  of  each  pile  of  stone,  drenched,  drained  and  sprinkled  as 
before.  Then  the  remainder  of  the  dry  mixture  shall  be  added  and 
the  entire  mass  shall  be  turned  over  until  the  broken  stone  is 
thoroughly  mixed  and  completely  incorporated  with  the  mortar. 

Now,  this,  of  course,  is  ridiculous,  and  it  is  one  of  those  instances 
of  excessive  detail  which  are  just  as  bad  as  vagueness. 

As  to  contract  time,  which  is  always  made  a part  of  the  specifica- 
tion, it  is  usual  to  fix  a limit  within  which  the  work  must  be  com- 
pleted, and  provide  a penalty  for  any  excess  of  this  time.  It  has 
always  been  troublesome  in  framing  a contract  to  so  word  such  a para- 
graph that  this  penalty  could  be  legally  imposed  unless  a bonus  is 
offered  to  the  contractor  for  completion  in  less  than  the  contract  time. 
Here,  again,  municipal  work  is  at  a great  disadvantage.  A private 
corporation  can  always  give  a bonus  for  completion  within  the  contract 
time.  This,  however,  cannot  be  done  on  municipal  work  if  any  assess- 
ment has  to  be  laid  for  it.  By  doing  so  you  would  be  increasing  an 
assessment  in  a way  which  you  cannot  satisfactorily  explain,  and 
which  the  property  owners  could  successfully  contest.  It  is  very  hard 
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to  prove  actual  damage  for  excess  of  time,  and  I do  not  believe  that,  Mr.  Lewis, 
unless  you  are  in  a position  to  give  a bonus,  the  penalty  for  excess  of 
time  should  be  as  severe  as  it  frequently  is  made  in  contracts.  The 
ordinances  of  the  City  of  Brooklyn  formerly  provided  that  the  penalty 
for  excess  of  time  over  that  named  in  the  contract  should  be  $5  a day 
on  all  work  costing  $5  000  or  less,  with  $5  a day  added  for  each  addi- 
tional $1  000.  This  would  amount  to  $480  a day  on  a $100  000  con- 
tract. 

The  desire  on  the  part  of  the  contractor  to  furnish  something 
just  as  good  as  the  contract  calls  for,  but  a little  different,  seems  to 
be  inherent.  I know  perfectly  well  that  if  you  give  a contractor  the 
choice  of  five,  six,  seven  or  ten  brands  of  cement,  anyone  of  which  he 
can  use,  that  one-half  the  contractors  will  come  to  you  with  the 
statement  that  they  have  something  else  that  is  just  as  good.  They 
seem  to  have  a strong  aversion  to  being  tied  down  to  even  one  of  ten 
brands. 

I believe  that  the  engineer  occupies  something  of  a judicial  position, 
and  that  he  should  endeavor  to  do  absolute  justice  to  the  contractor, 
as  well  as  justice  to  the  party  that  employs  him,  and  I think  that  Mr. 

Cranford’s  views  on  this  subject,  which  are  from  the  contractor’s 
standpoint,  are  perfectly  fair  and  reasonable. 

Mr.  H.  B.  Seaman. — If  no  one  else  wants  to  speak,  there  are  one  Mr.  Seaman, 
or  two  points  mentioned  by  the  last  speaker  that  I would  like  to  refer 
to.  With  regard  to  the  question  of  penalty,  it  might  be  well  to  know 
that  a penalty  can  never  be  enforced.  Engineers  do  not  always 
understand  that,  but  a penalty  cannot  be  enforced  in  law,  no  matter 
how  often  you  put  it  in  your  contract. 

As  to  the  first  party  being  the  man  who  does  the  work,  and  the 
second  party  being  the  man  who  pays  for  it,  is  not  the  first  party  the 
man  who  seeks  to  have  the  work  done?  Without  his  initiative  we 
never  would  have  the  work  done,  and  that  is  the  reason  he  is  put  in 
as  the  first  party.  It  is  not  an  engineering  function,  but  a legal 
function;  that  is,  the  first  party  pays  the  bill. 

As  to  the  question  of  the  engineer  being  the  arbiter,  I think  that 
is  the  only  position  that  any  engineer  should  ever  take.  I think  no 
engineer  has  any  business  to  be  employed  by  any  man  for  the  purpose 
of  using  his  profession  to  get  the  best  of  somebody  else.  We  should 
describe  as  nearly  as  we  can  what  is  wanted,  and  then  interpret  it 
fairly,  in  justice  to  all  parties.  I think  any  engineer  who  does  more 
than  that  is  unfair  to  himself. 

The  question  has  been  mentioned  as  to  the  advisability,  or  the 
equity  rather,  of  asking  for  plans  with  bids.  I think  that  engineers 
should  make  the  plans,  and  that  contractors  should  not  be  asked  to 
submit  plans  with  bids.  Let  the  contractors  come  forward  and  say: 

“You  get  an  engineer  to  make  your  plans  and  we  will  bid  on  them,” 
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Mr.  Seaman.  The  most  extreme  case  that  has  ever  come  to  my  notice  was  a 
request  for  bids  with  plans  of  a large  bridge  at  Quebec.  I suppose 
that  was  a structure  costing  somewhere  between  $1  000  000  and 
$3  000  000,  and  the  parties  asking  for  bids  had  no  other  purpose  than 
to  get  an  estimate  of  the  cost,  in  order  that  they  could  use  it  as  a 
basis  on  which  to  capitalize  the  scheme. 

Mr.  Duryea.  Mr.  Edwin  Duryea,  Jr. — There  is  a method  of  calling  for  bids 
which  is  not,  I think,  unjust  to  the  contractors.  That  is,  where  the 
engineers  make  full  plans  and,  in  calling  for  bids,  allow  the  contractors 
to  bid,  not  only  on  those  plans,  but,  also,  on  plans  made  by  them- 
selves. This  was  done  in  the  new  East  Itiver  Bridge  caisson  work. 
The  contractors  had  the  privilege  of  making  their  own  plans,  and  if 
they  thought  they  could  design  cheaper  caissons  than  ours  they  were 
allowed  to  make  bids  on  their  own  plans  in  addition  to  ours.  Their 
plans,  however,  would  be  subject  to  the  acceptance  of  the  chief  en- 
gineer, and  would  not  be  accepted,  of  course,  unless  they  were  consid- 
ered as  good  as  ours.  That  plan  cannot  be  considered  unjust,  as  all 
contractors  had  the  same  basis  on  which  to  bid,  and  the  chance  to  use 
their  own  knowledge  at  the  same  time. 

Mr.  Colby.  Mr.  S.  K.  Colby. — Just  one  or  two  more  remarks.  As  to  special 
cases  not  being  sufficient  in  detail,  or  rather  being  too  verbose,  there 
are  one  or  two  instances  I want  to  mention  from  the  other  side. 
There  was  an  instance  that  came  under  my  notice  of  the  construction 
of  a certain  section  of  railroad.  It  wasn’t  a very  large  section,  but 
the  amount  of  excavation  was  considerable,  and  when  the  specifica- 
' tions  were  drawn,  the  country  in  the  neighborhood,  on  the  face  of  it, 
and  so  far  as  the  oldest  inhabitant  knew,  consisted  mainly  of  a forma- 
tion of  clay,  and  then  solid  rock.  After  the  contractor  got  down  quite 
a little  distance  he  found  a peculiar  conglomerate  that  couldn  t well 
be  classed  under  eithei*  head.  It  wasn't  earth,  because  he  couldn  t 
get  it  out  with  any  earth-handling  apparatus;  and  it  wasn’t  rock  because 
it  didn’t  require  blasting.  The  question  then  came  up  as  to  the  en- 
gineer being  the  judge  in  the  case,  and  the  engineer  went  so  far  as  to 
admit  that  the  specifications  were  incomplete,  and  established  a third 
classification:  That  all  material  which  could  be  handled  with  a six- 
horse  plough  would  come  under  the  head  of  earth;  and  that  material 
not  earth  or  rock  would  come  under  a medium  classification  on  which 
a price  wras  stated. 

There  is  another  case  I have  in  mind  that  is  very  peculiar  indeed,  so 
far  as  the  reading  of  the  specifications  goes.  The  United  States  Govern- 
ment, in  one  of  its  departments  particularly,  very  often  gets  out  what 
they  call  “open  requisitions,”  on  which  the  specifications  are  very 
broad.  In  the  specifications  for  certain  building  work,  which  are  writ- 
ten at  some  length,  there  is  a final  clause  which  reads:  “Any  other 
work  necessary  to  the  completion  of  this  work  that  in  the  opinion  of 


DISCUSSION  ON  PLANS  AND  SPECIFICATIONS. 


161 


the  engineer  may  be  necessary,”  etc.  Now,  a liberal  reading  of  that  Mr.  Colby, 
clanse  would  simply  mean  that  the  engineer  who  had  it  in  for  the  con- 
tractor could  make  him  put  feathers  with  a mucilage  background  on 
everything.  Of  course,  that  seldom  occurs,  but  the  clause  is  there, 
and  it  is  seemingly  very  peculiar. 

The  question  of  the  unbalanced  bid  that  was  brought  up  here  has 
one  phase  which  appeals  to  some  contractors,  particularly  contractors 
with  limited  means,  that  wasn’t  mentioned,  that  is,  in  a large  piece  of 
work  that  requires  considerable  money  to  finance  it,  depending  upon 
the  way  the  payments  are  to  be  made.  If  they  are  to  be  made  in 
periods,  irrespective  of  estimates  as  sometimes  occurs,  my  remarks  do 
not  apply.  But  in  case  they  are  under  the  engineer’s  estimate  of  the 
work,  as,  for  instance,  suppose  a certain  contract  including  consider, 
able  excavation  is  to  be  done.  The  first  estimate  would,  naturally,  be 
for  the  amount  of  earth  taken  out.  Many  contractors  acting,  I think, 
in'  perfect  good  faith  and  wanting  as  much  money  as  they  can  get  on 
the  first  one  or  two  payments,  in  order  to  enable  them  to  go  ahead  with 
the  rest  of  the  work,  might  here  utilize  an  unbalanced  bid.  There 
would  be  no  loss  to  the  corporation,  so  far  as  I can  see,  if  he  puts  in 
earth  excavation  at  larger  figures  than  actual  cost  in  order  to  get  his 
finances  straightened  out.  Now,  it  may  be  an  open  question  as  to 
whether  that  is  really  legitimate  under  the  strict  reading  of  the  speci- 
fications, but  it  certainly  is  an  advantage  to  the  contractor;  and,  so  far 
as  I can  see,  of  no  great  disadvantage  to  the  municipality,  or  parties 
requiring  the  work  to  be  done. 

Mr.  R.  L.  Williams.  -—As  to  the  engineer  always  furnishing  the  Mr.  Williams, 
design  and  plan,  the  contractor  would  sometimes  prefer  to  furnish  his 
own  on  account  of  having  his  own  patterns  and  material. 

In  one  case  I can  recall  the  requirements  were  for  bridges  of  certain 
spans,  from  30  to,  say,  100  ft.  (this  would  not  apply  to  larger  bridges), 
and  they  were  required  to  support  so  many  tons  weight,  so  much 
rolling  load,  etc.  The  large  bridge  companies  would  bid  on  those 
requirements. 

If  the  bid  was  accepted  they  would  furnish  their  own  plans,  sub- 
ject to  the  approval  of  the  engineer  going  over  them.  In  that  case 
each  bridge  company  preferred  to  furnish  its  own  plan. 

I have  listened  to  the  discussion  to-night  on  specifications  with  a 
great  deal  of  interest,  hoping  to  hear  one  thing  that  has  always  struck 
me — that  is,  I would  like  to  have  some  one  get  up  a specification  which 
on  grading  work  would  make  the  contractor  preserve  his  stakes. 

Mr.  J.  C.  Meem. — I knew  one  specification  which  classified  hard-  Mr.  Meem. 
pan  as  material  which  could  not  be  ploughed  with  less  than  six  mules. 

The  contractor  always  hitched  up  these  six  mules  when  the  engineer 
came  in  sight;  when  the  engineer  was  out  of  sight  he  usually  ploughed 
with  two. 
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Mr.  Meem.  I think  the  chief  point  in  a specification  is  to  formulate  something 
which  can  be  carried  out,  and  if  a specification  isn’t  carried  out  and 
cannot  be  carried  out,  there  is  something  wrong  somewhere. 

I have  heard  it  stated  in  this  city  by  prominent  engineers— engi- 
neers well  up  in  their  profession — that  it  is  useless  to  draw  up  certain 
clauses  in  specifications,  because  they  could  not  be  carried  out  as  con- 
tractors were  used  to  their  own  methods  of  working  and  would  not 
change.  I think  that  specifications  should  be  reasonably  simple  and 
then  lived  up  to,  even  if  we  have  to  educate  some  contractors. 

One  of  the  most  amusing  incidents  I ever  heard  of  regarding  the 
theory  and  practice  of  specifications  was  related  by  Mr.  Wright,  of  the 
Edgemoor  Bridge  Works,  Wilmington,  Del. 

He  observed  a laborer  engaged  in  making  a most  fearful  and 
wonderful  mixture  of  concrete,  and  finally  asked  if  the  engineer 
allowed  him  to  mix  his  concrete  that  way.  “ Why,”  said  the  man, 
“he  is  the  most  careful  engineer  you  ever  saw— every  barrel  of  this 
cement  has  been  tested  and  the  engineer  is  now  at  the  office  testing 
some  more.” 

Mr.  Tillson.  Mr.  Geo.  W.  Tillson. — I think  that,  generally  speaking,  plans  and 
specifications  are  for  two  purposes.  The  first  one  is  to  tell  the  con- 
tractor what  he  is  expected  to  do,  how  much  and  what;  and,  then,  how 
he  is  to  do  it.  The  fewest  words  you  can  put  that  into,  the  better. 
You  don’t  want  too  few,  because  you  don’t  want  anything  left  out  that 
should  be  in;  nor  too  much,  so  as  to  allow  for  misunderstandings. 
But,  as  has  been  said  here  to-night,  they  should  specify  exactly  what 
is  to  be  done  in  detail.  Don’t  attempt  to  hide  anything  from  the  con- 
tractor, or  fix  it  in  such  a way  that  he  is  liable  to  forget  anything; 
because  I do  not  believe  that  any  public  corporation,  any  city  or  munici- 
pality, wants  a contractor  to  do  work  for  nothing.  I do  not  think  he 
ought  to  be  expected  to,  and  I do  not  think  any  private  corporation, 
or  individual  ought  to  want  them  to  work  for  nothing. 

Now  one  illustration,  and  I think  the  best  I ever  saw,  that  came 
under  my  own  particular  notice,  of  putting  too  much  in  the  specifica- 
tions, was  in  a western  city.  At  that  time  I was  in  sympathy  with  Mr. 
Cranford,  as  I was  representing  the  contractor.  It  was  a sewer  con- 
tract, and  in  their  notice  to  bidders,  and  in  the  part  of  the  contract 
where  it  referred  to  prices,  it  said  that  the  price  should  include  all  the 
necessary  shoring,  preparation  and  protection  in  going  under  all  rail- 
road tracks.  In  a subsequent  paragraph  there  was  a clause  similar  to 
this:  “In  passing  under  the  tracks  of  any  railroad  the  contractor  shall 
allow  the  railroad  company  every  facility  for  protecting  its  track.” 

This  was  evidently  in  conflict  with  the  preceding,  and  when  a test 
case  arose  the  city  paid  one-half  of  the  extra  cost  of  passing  under  the 
tracks. 

Another  gentleman  has  spoken  of  a case  where  the  specifications 
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were  indefinite.  I had  a case  of  that  kind,  too,  come  up  in  my  expe-  Mr.  Tiilson. 
rience,  when  I was  on  the  contractor’s  side.  That  was  down  south, 
where  they  were  advertising  for  a system  of  sewerage  for  the  entire 
city.  The  bids,  to  show  the  size  of  the  work,  varied  from  $100  000 
to  $175  000.  The  work  was  divided  into  five  districts,  I think,  and  bids 
were  received  separately,  or  as  a whole,  on  all  the  districts.  They 
might  make  five  contracts,  or  they  might  make  one.  I figured  on  four 
districts,  and  coming  to  the  fifth  found  no  plans,  no  profiles,  nothing 
to  tell  the  depth  of  the  sewer.  I said  to  the  engineer:  “What  are  we 
going  down  here  in  District  5 for,  there  are  no  profiles.”  “ Well,”  he 
said,  “ You  will  have  to  go  down  there  and  look  over  the  ground,  and 
decide  yourself  how  deep  they  will  have  to  be.”  I went  down  to  Dis- 
trict 5,  and  found  that  it  was  a swamp.  About  half  of  it  was  covered 
with  water,  and  contractors  bidding  on  it  were  expected  to  do  so  with- 
out having  any  plans  or  profiles  on  that  part  of  the  work.  The  man 
who  finally  got  the  contract,  however,  did  not  carry  it  out. 

Another  gentleman  has  alluded  to  a large  piece  of  work  where  there 
were  no  plans  or  specifications  provided.  I think  he  also  has  heard  of 
one  larger  when  he  calls  it  to  mind,  and  that  is  the  case  of  Havana.  It  is 
an  actual  fact  that  the  City  of  Havana,  when  advertising  for  paving  and 
sewerage  work,  asked  the  contractors  to  furnish  their  own  plans  and 
specifications  on  a job  amounting  to  $12  000  000  or  $15  000  000.  The 
bid  furnished  by  Mr.  Dady  was  actually  accepted  by  the  city  officials 
of  Havana,  formally  and  legally,  and,  I suppose,  he  would  have  carried 
out  the  contract  had  it  not  been  for  the  Spanish  War. 

There  is  another  point  in  specifications  that  is  rather  a vexed  one, 
and  I don’t  know  how  it  could  be  exactly  settled.  That  is  where  you 
call  for  a guarantee  that  the  structure,  of  whatever  nature  it  may  be, 
must  be  guaranteed  for  a certain  period.  Now,  when  you  make  detailed 
specifications  it  is,  I think,  an  open  question  at  least  whether  you  have 
a right  to  tell  the  contractor  just  how  he  shall  do  that  work,  if  he  must 
keep  it  in  repair  and  make  it  good  for  5,  10,  15  or  20  years;  whatever 
the  case  may  be.  He,  of  course,  will  say  he  has  guaranteed  it,  and  he 
wants  to  do  it  his  way.  I think  he  has  a good  deal  of  justice  with  him 
in  that  case. 

I believe  that  in  any  specifications  where  it  is  required  that  the 
work  shall  be  guaranteed  for  an  extraordinary  period — by  that  I mean 
the  period  beyond  which  it  is  expected  to  show  anything  that  is  wrong- 
in  the  work  itself  or  in  the  material — that  they  should  be  general, 
rather  than  definite  and  specific.  Asphalt  pavement  when  it  was  first 
laid  was  required  to  be  guaranteed  for  a certain  period  of  years,  because 
it  was  uncertain  what  kind  of  pavement  you  would  have  at  the  end  of 
five  years.  During  the  first  ten  or  twelve  years  that  asphalt  pavement 
was  laid,  the  specifications  were  made  up  by  the  contractor,  and  rightly 
so,  because  contractors  knew  more  about  it  than  any  engineer  did. 
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Mr.  Till  son.  I would  say,  in  justice  to  the  cities,  that  contractors  do  not  always 

get  the  best  of  them,  as  shown  by  this  instance.  The  specifications 
on  some  sewer  work  required  that  no  sheeting  should  be  paid  for 
unless  ordered  in  writing  by  the  Board  of  Public  Works.  Quite  a 
quantity,  however,  was  left  in  on  the  verbal  order  of  the  engineer,  and 
the  inspector  took  an  account  of  it  and  reported  it  to  the  Board.  The 
Board  never  would  pay  for  it,  and  when  a suit  did  arise  from  all  of  the 
misunderstandings  on  the  contract,  and  the  case  was  tried,  the  judge 
decided  that  the  city  was  not  liable  for  that  sheeting  that  was  ordered 
left  in  by  the  engineer,  and  reported  by  the  inspector,  because  the  con- 
tractor did  not  have  a written  order  from  the  Board  of  Public  Works. 
This  shows  that  the  contractor  in  a great  many  cases  should  be  as  care- 
ful in  having  specifications  carried  out  as  the  engineer  is. 

Then,  especially  in  sewer  work,  there  is  always  a question  as  to  how 
much  detail  should  be  shown  in  the  specification.  That  is,  whether  it 
is  necessary  to  show  whether  there  is  w~ater  or  water  to  be  expected,  or 
whether  there  is  rock  or  rock  to  be  expected.  Now  I believe  that  if 
you  attempt  to  show  any  of  these  you  must  show  them  all.  That  is,  if 
you  say  in  your  plans  that  the  trench  shall  be  kept  free  from  water 
without  charge,  and  then  you  show  on  half  of  your  plan  that  water  is 
expected,  and  if  you  find  it  on  the  entire  work,  I believe  that  the  city 
is  liable  for  the  part  that  you  do  not  show.  For  that  reason  I believe 
it  is  proper  and  safe  for  the  city  to  specify  that  the  contractor  must 
make  examinations  himself  and  satisfy  himself  whether  he  will  or  will 
not  find  water  or  rock  in  any  part  of  the  work. 

Then,  in  line  of  what  has  been  said  here  before,  I think  that  the 
engineer  in  preparing  specifications  should  be  particularly  careful  to 
put  in  nothing,  except  what  he  can  enforce.  That  is,  have  the  con- 
tractor understand  that  it  should  not  be  necessary  to  educate  him  (I 
don’t  see  any  objection  to  that  word),  but  have  the  contractor  under- 
stand that  you  take  it  as  a matter  of  course  that,  if  it  is  in  the  specifi- 
cations, it  must  be  lived  up  to.  Now,  a man  appreciates  that  if  he 
has  been  traveling  around  the  country  superintending  work  in  a great 
many  sections. 

And  then  there  is  the  unbalanced  bid  that  is  always  liable  to  make 
a good  deal  of  trouble.  If  you  specify  that  a portion  of  the  work  may 
be  of  brick,  part  may  be  of  stone,  or,  if  it  is  gutter,  that  part  of  it  may 
be  of  stone  or  it  may  be  of  brick,  granite  or  cobble,  and  after  the  con- 
tract is  awarded  the  quantities  are  changed,  the  contractor  may  be  the 
highest  bidder  rather  than  the  lowest. 

The  classification  of  material,  I suppose,  is  really  a harder  question 
to  solve  than  almost  anything  else.  What  is  rock  and  what  is  earth, 
or  what  is  loose  or  solid  rock,  is  capable  of  a great  many  interpreta- 
tions. I suppose  on  the  Chicago  canal  there  was  more  trouble  of  this 
kind  than  on  almost  any  work  that  has  been  carried  on  in  this  country. 
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They  had  a classification  there  that  they  called  glacial  drift  that  was  Mr.  Tillson. 
a sort  of  hard  close  compact  gravel  that  was  as  hard  to  get  out  about 
as  solid  rock.  But  it  was  classified  in  the  specification  as  glacial 
drift,  and  it  was  held  up  to  that,  and  a great  many  contractors  failed 
on  account  of  the  specifications  being  adhered  to  rigidly. 

I remember  in  reading  the  report  of  the  engineers  on  the  canal 
investigations  a year  ago,  recommendations  by  the  experts  on  classi- 
fication to  classify  as  rock  anything  that  could  be  removed  by  blasting 
more  profitably  than  by  any  other  way.  Now,  that,  of  course,  is  all 
right  in  certain  materials,  but  where  it  comes  down  to  a pretty  close 
definition  one  contractor  might,  by  his  better  understanding  of  how 
to  use  blasting  materials,  make  it  more  profitable  to  blast  where 
another  man  could  take  it  out  more  easily  with  a plow.  So  this,  I 
think,  is  the  most  difficult  problem  to  settle  in  the  classification  itself, 
and  the  hardest  to  determine  before  the  work  is  carried  out. 
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The  history  of  the  discovery  of  aluminum  and  its  subsequent 
development  is  interesting,  but  I will  pass  over  this  early  work  very 
briefly  and  will  attempt  to  give  you  something  of  our  present 
knowledge  of  this  interesting  element. 

Somewhere  about  1807,  Wohler,  with  the  aid  of  metallic  potassium, 
performed  experiments  in  the  laboratory,  which  demonstrated  that 
this  metal  could  be  isolated;  but  these  experiments  were  of  no  com- 
mercial value  at  that  time.  From  then  until  1854  the  metal  was  not 
produced  in  any  way  on  a commercial  basis.  In  18o4  the  first  attempt 
w'as  made  with  what  has  since  become  the  cheapest  method  of  produc- 
tion, viz.,  the  electric  current.  Of  course,  the  dynamo  was  a thing  of 
the  future,  and  simple  batteries  were  used  for  the  electric  current.  A 
solution  of  the  double  chloride  of  aluminum  and  sodium  was  used,  but 
the  results  were  not  commercially  of  value.  Owing  to  the  fact  that 
the  compounds  of  aluminum  are  widely  distributed  over  the  earth, 
very  early  in  its  history  great  claims  were  made  for  the  future  of  the 
metal.  It  was  going  to  be  cheaper  than,  and  replace,  iron;  in  fact  an 
aluminum  age  was  to  follow  the  iron  age.  These  extravagant  claims 

*This  Club  is  not  responsible,  as  a body,  for  the  facts  and  opinions  advanced  in  this 
publication. 
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were  shortly  disproved,  however,  first  because  of  the  impurity  of 
the  early  commercial  metal  as  then  manufactured;  and,  secondly,  the 
difficulty  in  dissociating  the  metal  from  its  salts,  particularly  with 
the  facilities  that  the  older  chemists  had. 

You  can  judge  somewhat  of  the  rarity  of  the  metal  from  the  fact 
that  in  1855  the  value,  impure  as  was  the  product,  was  $90  a pound. 
In  185Y  the  value  had  been  reduced  to  $32  a pound,  owing  to  the 
use  of  the  metalloid  sodium  for  its  reduction,  and  in  1887  the  cost  was 
reduced  to  $12  a pound  through  the  reduction  in  the  price  of  sodium, 
due  to  improvements  made  in  its  manufacture  by  Mr.  H.  Y.  Castner. 

In  1886,  Charles  M.  Hall,  in  this  country,  and  Mr.  Pierre  Heroult, 
in  England,  at  almost  the  same  time,  took  out  patents  covering  the 
production  of  aluminum  by  means  of  the  electric  current,  although 
the  process  of  each  was  radically  different.  The  first  attempt  to 
develop  either  of  these  methods  in  this  country  was  made  by  Cowles 
Brothers,  of  Cleveland,  Ohio,  who  started  a reduction  works,  acquir- 
ing the  Heroulfc  patents.  These  patents  covered  practically  an  elec- 
trolytic furnace;  simply  a long  pot  with  carbon  linings  and  carbon 
electrodes  projecting  inward  from  the  end.  A current  passing  between 
these  carbons  gave  a very  high  heat,  and  within  the  influence  of  the 
arc  the  ore  was  placed.  The  heat  was  sufficient  to  separate  the  metal 
aluminum  from  its  oxide,  but  it  was  impossible  to  hold  it  outside  the 
direct  heat  of  the  arc,  and  it  would  immediately  return  to  the  form  of 
the  oxide.  To  avoid  this  there  was  placed  below  the  arc  some  other 
metal  of  higher  melting  point,  such  as  copper  or  iron.  Their  patent 
then  consisted  in  reducing  aluminum  in  the  presence  of  iron  or  copper, 
which  gave  a very  rich  alloy,  ranging  from  15  to  35%  of  contained 
aluminum. 

It  has  been  found  impossible  to  separate  copper  and  iron  alloyed 
with  aluminum,  from  the  aluminum  itself,  and  consequently  the  value 
of  this  process  was  confined  to  the  production  of  alloys  of  aluminum 
only. 

Charles  M.  Hall  first  conceived  and  patented  the  idea  of  the  pro- 
duction of  the  metal  by  the  use  of  true  electrolysis,  and  was  employed 
by  the  Cowles  Company  at  one  time  to  perfect  experiments  that  he 
was  trying  to  carry  through.  They  did  not  believe,  however,  that 
the  scheme  that  he  proposed  was  satisfactory,  and,  in  consequence, 
did  not  give  him  the  backing  that  was  necessary.  He  left  them  and 
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went  to  Pittsburgh  and  formed  there  a company  backed  by  Pittsburgh 
capitalists.  His  patents  were  purchased  and  the  metal  put  on  the 
market.  Meanwhile,  in  Europe,  Heroult  and  Mr.  E.  Kleiner  had 
taken  out  patents  covering  practically  the  ground  of  the  Hall  patent. 
In  an  attempt  to  take  out  an  American  patent,  however,  Hall  was 
given  a priority  in  time  and  Heroult  withdrew. 

The  patents  covering  the  reduction,  according  to  the  Heroult  and 
Kleiner  process,  were  bought  by  the  Aluminum  Industrie  Actien  Gesell- 
schaft,  who  operated  at  the  Palis  on  the  Rhine  in  Germany.  After 
first  using  Heroult’s  original  scheme,  they  finally  adopted  the  latter 
method,  which  was  practically  similar  to  the  one  that  Mr.  Hall 
patented  in  this  country.  A little  later  than  this,  the  French  also 
took  this  question  up,  and  bought  from  the  Pittsburgh  Reduction 
Company,  the  owners  of  the  Hall  process,  the  French  rights  for  the 
manufacture  of  the  metal.  They  termed  themselves  the  Societe  Indus- 
trielle  de  1’ Aluminium  and  their  works  were  at  Froges  and  La  Paz. 

As  soon  as  the  Pittsburgh  Reduction  Company  had  developed  the 
process  sufficiently  to  put  the  metal  on  the  market,  producing  at  that 
time  some  200  to  300  lbs.  a day  with  their  small  facilities,  the  Cowles 
Company  attempted  immediately  to  operate  under  the  same  patents, 
as,  of  course,  the  process  was  wTell  known  to  them.  A suit  was  started 
and  an  injunction  asked  by  the  Pittsburgh  Reduction  Company,  claim- 
ing infringement,  and,  after  a bitter  fight,  this  suit  was  decided  in 
favor  of  the  Pittsburgh  Company.  From  that  time  the  production  of 
aluminum  in  this  country  has  been  steadily  enlarged  by  this  Com- 
pany. 

Taking  up  the  method  of  production  in  detail  as  now  practiced,  the 
first  question  of  importance  is  the  original  ore.  The  ore  that  has  up 
to  the  present  time  been  found  most  suitable  is  the  unpurified  oxide 
known  as  bauxite,  which  is  found  in  the  States  of  Georgia,  Alabama 
and  also  in  Arkansas.  This  ore  is  one  of  the  simplest  conditions  in 
which  the  oxide  is  found.  It  is  not  a clay.  Clay  contains  much 
alumina,  but  it  is  largely  composed  of  silica,  or  compounds  of  alumi- 
num and  silicon  in  varying  proportions.  The  presence  of  silicon  in 
the  ore  is  very  objectionable,  and,  consequently,  an  ore  must  be  used 
which  is  as  free  from  silica  as  possible  and  good  bauxite,  for  the  pro- 
duction of  aluminum,  contains  less  than  3 % of  silica,  with  small  pro- 
portions of  iron  and  titanic  acid. 
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Bauxite  is  usually  found  on  the  surface  of  the  ground  and  its 
mining  is  very  simple.  The  material  can  be  delivered  in  Pittsburgh 
for  $8  to  $10  a ton.  The  cost  now  is  somewhat  less  than  this,  but  it 
depends  very  largely  on  the  freight  rates.  Bauxite,  as  it  is  mined, 
looks  somewhat  like  clay,  and  the  color  varies  from  a pure  cream  to  a 
reddish  brown  tinge,  which  red  is  due  to  the  small  percentage  of  the 
oxide  of  iron  present.  Its  average  composition  is  59.7  to  62 % of 
Al2  Os  and  32  to  35%  water. 

This  is  a piece  of  bauxite  (exhibits  sample),  and  the  characteristic 
surface  of  the  fracture  is  plainly  seen.  Its  appearance  somewhat 
resembles  the  surface  of  a gravel  bank,  or  technically,  it  has  an  oolitic 
structure.  The  material  is  taken  in  that  impure  state  and  calcined 
with  sodium  carbonate.  At  the  present  time  the  Pittsburgh  Reduc- 
tion Company  do  not  do  this  burning  themselves.  It  is  one  of  the 
economies  that  may  be  introduced  in  the  future.  The  material  is 
shipped  to  the  Pennsylvania  Salt  Works  or  to  the  Solvay  Process 
Company  in  Syracuse,  who  have  large  works  which  are  suitable  for 
that  purpose.  After  the  material  is  burned  with  soda  ash,  the  prin- 
cipal resulting  compound  is  sodium  aluminate.  The  temperature  of 
this  burning  must  be  kept  below  the  melting  point  of  sodium 
aluminate,  or  silicate  of  aluminum  is  formed,  which,  of  course,  is  not 
desirable.  The  burned  mass  is  taken  from  the  furnace,  ground  and 
lixiated  with  hot  water.  The  sodium  aluminate  is  soluble,  leaving  a 
large  proportion  of  the  silica  and  iron  as  a solid  residue.  The 
aluminate  in  this  purified  state  is  precipitated  from  the  solution  by 
carbonic  acid  gas.  This  gas  is  simply  forced  through  the  liquid,  and 
sodium  carbonate  is  again  formed,  in  that  way  making  the  process 
continuous,  as  the  reformed  carbonate  may  be  used  again.  The  pure 
aluminum  oxide,  the  hydrated  oxide,  is  deposited  in  the  form  of 
a flocculent  precipitate  that  is  semi-transparent.  This  precipitate  is 
dried  and  then  pressed,  and  finally  takes  the  form  of  a white  powder. 
The  water  of  crystallization  retained  in  this  hydrated  oxide  amounts 
to  some  40  odd  per  cent,  by  weight,  and,  of  course,  must  be  driven  off 
by  again  heating. 

The  Pittsburgh  Reduction  Company  have  their  own  calcining 
furnace  for  this  material,  and  the  only  difference  between  the  calcined 
and  the  uncalcined  material  is  simply  in  the  fineness  of  the  grain  and 
its  weight.  The  material  is  then  taken  to  the  electrolytic  furnace. 
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The  electrolytic  plant  of  the  Pittsburgh  Reduction  Company  has 
been  moved  from  Pittsburgh  to  Niagara  Falls,  where,  of  course,  water 
power  is  far  cheaper  than  coal  power  would  be,  even  in  the  neigh- 
borhood of  Pittsburgh.  This  move  was  also  found  desirable  because 
it  was  found  impossible  to  get  a steady  enough  current  to  reduce 
aluminum,  at  the  same  time  to  produce  power  for  rolling  mills,  wire 
drawing  apparatus,  etc.,  without  two  entirely  distinct  power  plants. 

In  producing  alumina,  the  question  has  been  raised  several  times 
as  to  whether  there  was  not  some  cheaper  process  of  production  than 
the  one  that  I have  outlined.  Some  experimenters  have  endeavored 
to  carry  it  out  by  the  use  of  sulphuric  acid  and  some  of  the  ores  of 
aluminum  that  are  very  rich  in  oxide,  such  as  sulphides  or  sulphates. 
That  is  possible  and  has  been  done,  but  it  is  found  to  be  in  the  end 
more  costly.  There  is  an  opportunity  for  improvement,  which,  if  it 
does  come,  will  probably  cheapen  the  production  of  the  metal  to  some 
extent. 

As  an  ore  for  the  production  of  alum,  used  so  extensively  as  a 
mordant  for  dye  work,  it  has  a large  field.  In  this  it  need  not  be  so 
pure. 

The  preparation  of  this  anhydrous  alumina  is  the  first  set  of  com- 
plete operations  in  the  metallurgy  of  aluminum.  In  the  second  lies  the 
value  of  the  Hall  patent.  The  patent  consists  in  the  discovery  that 
the  mineral  cryolite,  a double  fluoride  of  aluminum  and  sodium,  when 
melted,  has  the  property  of  dissolving  anhydrous  oxide  of  aluminum, 
and  Hall’s  process  consisted  in  heating  this  material  to  its  melting 
point,  adding  the  aluminum  oxide,  and  subjecting  the  bath  to  the 
influence  of  a powerful  electric  current.  In  the  words  of  the  patent, 
the  general  statement  is  that  it  consists  in  “dissolving  alumina  in  a 
molten  bath  of  the  fluoride  of  aluminum  and  the  fluoride  of  some 
more  electro-positive  metal.”  The  electro-positive  metal  maybe  cal- 
cium, sodium  or  potassium.  As  a matter  of  fact,  the  mineral  calcium 
fluoride  is  by  far  the  least  expensive.  The  natural  cryolite,  with 
which  the  first  experiments  were  made,  comes  from  Greenland.  There 
are  no  deposits  of  any  size  in  this  country. 

Commercially,  in  this  process,  oblong  pots  are  used,  about  5 ft.  x 
4 ft.  and  about  3 ft.  deep.  These  pots  are  of  ordinary  sheet  iron,  and 
are  lined  on  the  inside  with  2 to  4 ins.  of  ground  carbon  dust,  with 
just  sufficient  cementing  material  to  hold  it  together.  In  order  to 
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pass  the  current  through  these  pots,  they  are  first  filled,  or  partly 
filled,  with  ground  cryolite.  Because  of  the  great  cost  of  cryolite,  a 
cheaper  electrolyte  is  used,  which,  while  it  is  made  artificially,  fulfils 
the  necessary  requirements,  as  stated  above.  In  other  words,  the 
manufacturers  go  Nature  one  better  and  make  a cheaper  product, 
which  will  answer  the  same  purpose.  The  electric  current  is  passed 
through  many  large  carbon  anodes  about  3 ins.  in  diameter  and  about 
20  ins.  long.  A copper  rod  is  run  down  into  the  middle  of  each  carbon 
anode  and  is  attached  to  the  heavy  conductors  that  carry  the  current. 
The  carbon  anode  then  acts  as  the  positive  pole,  and  the  electrolyte 
itself,  together  with  the  carbon  lining  on  the  bottom  and  sides  of  the 
pot,  acts  as  the  negative  pole  of  the  furnace.  When  this  cryolite,  or 
its  substitute,  is  put  into  the  pot  and  the  current  is  turned  on,  the 
heat  generated  is  soon  sufficient  to  melt  it,  as  the  melting  point  is  not 
very  high.  Then  a surface  covering  of  carbon  dust,  about  3 ins.  deep, 
is  placed  on  top  and  the  alumina  on  top  of  that.  The  workmen  go 
from  pot  to  pot  with  copper  rods  and  stir  in  this  alumina,  tapping  the 
metallic  aluminum  off  from  time  to  time  from  the  bottom  of  the  pots. 
From  a chemical  standpoint,  experts  differ  materially  as  to  the  action 
that  takes  place.  Whether  there  is  some  complex  double  fluoride 
formed,  and  that  dissociated,  or  whether  the  bath  acts  as  a passive 
agent,  is  a question  not  fully  determined.  The  fact  is  that  while  the 
bath  retains  a constant  volume,  less  losses  due  only  to  handling,  the 
alumina  is  separated  into  oxygen,  wffiich  goes  off  as  C O or  C 02  at  the 
positive  pole,  and  the  metal,  which  constantly  deposits  at  the  bottom 
and  sides  of  the  pot.  The  important  and  interesting  fact  is  here  called 
to  your  attention,  that  there  is  a loss  of  less  than  one-half  of  \%  of  the 
aluminum  contained  in  the  original  ore  during  the  entire  process  of  its 
production,  and  that  the  two  main  reactions  are  reproductive,  i.  e.,  the 
principal  materials  are  used  over  again.  If  the  pots  run  dry  the  elec- 
trolyte itself  will  be  decomposed,  and  the  noxious  fumes  of  fluorine, 
or  some  vaporous  compound  of  fluorine,  are  thrown  off  into  the  air. 
Thirty  per  cent,  of  alumina  will  make  about  a charge  for  each  pot. 
The  first  run  of  the  pots  contains  considerable  iron  and  silica,  and  the 
metal  produced  is  of  no  value  commercially,  except  as  a separate 
product,  and  of  its  use  mention  will  be  made  further  on. 

This  gives  you  in  outline  the  process  for  the  production  of  the 
metal.  It  is  run  off  into  large  pigs  and  shipped  back  to  Pittsburgh, 
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where  the  rolling  mills  turn  it  into  the  form  of  wire,  rod,  sheet  and 
tubing. 

Impurities  are  reduced  to  a minimum.  The  contained  iron  has 
been  reduced  to  such  a point  that  it  is  less  than  .01  of  1 per  cent. 
Silica  will  range  anywhere  from  .04  or  .05  up  to  .0.3  of  1 per  cent. 
The  pots  sometimes  give  a very  uniform  product,  and  at  other  times 
they  will  not,  and  the  only  thing  to  be  done  with  the  impure  product 
is,  of  course,  to  use  it  for  some  purpose  where  purity  is  not  necessary. 
There  are  also  slight  impurities  not  as  easily  determined.  Carbon  and 
sodium,  and  sometimes  copper,  will  get  into  the  metal,  and  it  is  only 
with  the  greatest  care  that  a pure  metal  can  be  produced.  Much  of 
the  complaint  and  reported  failure  of  aluminum  to  weather,  under 
certain  conditions,  is  due  to  the  impurities  that  the  metal  may  have 
contained.  While  it  has  been  cheapening,  the  percentage  of  impurity 
has  decreased  and  will  continue  to  decrease  as  more  and  more  refined 
methods  are  introduced. 

Several  other  processes  could  be  given  for  the  production  of  alumi- 
num, but,  as  stated  before,  all  the  commercial  processes  have  reduced 
themselves  to  the  one  system  described,  with  or  without  modification. 
The  possibility  for  the  discovery  of  some  new  process  for  the  manufac- 
ture of  this  metal  has  been  and  always  will  be  an  interesting  field  for 
experimenters.  If  an  analysis  of  the  cost  of  reduction  by  the  electro- 
lytic method  is  made,  such  analysis,  though  approximate  only,  will 
give  a fair  idea  of  the  actual  cost  as  compared  with  some  other  possible 
method. 

2 lbs.  alumina  (Al2  03,  containing  54%  Al),  at  2.5  cents.  $0.05 


1 lb.  carbon,  at  14  cents 01 J 

Electrolyte,  carbon  dust  and  pots -01 

20  E.  H.-P.  one  hour,  water  power 04^- 

Labor  and  superintendence • • -02^ 

General  expenses,  interest  and  repairs 02| 


$0.17 

While  these  figures  give  definite  costs,  the  limits  stated  have  not  yet 
been  reached  by  any  of  the  producing  companies,  but  with  constant 
cheapening  by  labor-saving  devices  and  increasing  production,  such 
limits  are  well  within  the  possibilities  of  the  next  few  years.  Examin- 
ing these  items,  it  is  evident  that  the  ore  will  probably  always  be  the 
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most  expensive  item.  Cheaper  methods  of  purification  and  lower 
freight  rates  may  modify  it.  It  is,  however,  the  simplest  ore  that  can 
be  used  and,  so  far,  the  most  readily  purified.  Two  and  one-half 
cents  will  cover  other  materials  and  plant,  or  cents  for  the  ore 
ready  for  reduction.  Any  reduction  process  depending  on  heat  alone 
would,  in  all  probability,  require  a much  greater  cost  for  such  prepa- 
ration. The  item  of  power  can  and  will  be  reduced  as  newer  and 
cheaper  power  propositions  are  put  on  the  market,  and  this  item  must 
be  compared  with  the  cost  of  heat  and  the  greater  wear  and  tear  in  any 
process  depending  on  heat  alone,  where  electrolysis  is  not  used,  the 
actual  heat  in  the  electrolytic  process  being  comparatively  small.  The 
item  for  labor  and  general  expenses  must  be  about  the  same  for  each, 
with  an  advantage  in  favor  of  the  electrolytic  method,  in  that  the 
plant  is  very  simple  and  the  repairs  small. 

Probably  the  most  likely  field  lies  in  the  production  of  other 
valuable  products  with  aluminum,  the  metal  being  in  a sense  a by- 
product. Such  a process  would  be  of  great  value,  but  it  must  be  one 
that  will  require  the  entering  of  new  fields  of  research,  as  yet 
untrodden. 

Besides  the  one  concern  manufacturing  in  this  country,  there  is 
one  in  Germany  on  the  Falls  of  the  Bhine,  one  in  France  (both  of 
these  have  been  already  referred  to),  one  in  Great  Britain,  and  one 
prepared  to  utilize  water-power  m Norway.  All  told,  their  pro- 
duction is  not  much  greater  than  the  one  United  States  company. 

Within  the  last  two  weeks  occurred  the  death  of  the  man  who  is 
primarily  responsible  for  the  wonderful  strides  in  what  was  a new 
industry  but  ten  years  ago.  Captain  Alfred  E.  Hunt  was  the  prime 
mover  in  the  formation  of  the  United  States  company,  and  it  is 
largely  owing  to  his  efforts  that  the  industry  has  been  placed  on  the 
footing  that  it  is  to-day.  Overcoming  all  prejudice  and  working 
against  many  obstacles,  he  directed  his  efforts  toward  the  cheapening 
and  bettering  of  the  product,  so  that  to-day,  instead  of  being  but,  at 
best,  a metal  for  expensive  trinkets,  it  has  reached  its  own  field  of 
usefulness,  encroaching  even  on  copper  and  tin. 

Taking  up  the  uses  of  the  metal,  which  are  of  more  interest  to  you 
probably  than  the  actual  production,  this  field  is  constantly  broad- 
ening. Not  only  is  aluminum  replacing  other  materials,  but  it  is 
creating  new  uses  for  a metal  through  its  peculiar  adaptabilities. 
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Much  has  been  written  of  its  physical  and  chemical  properties,  but 
only  those  which  have  to  do  with  its  principal  commercial  uses  to-day 
will  be  touched  upon. 

One  of  the  principal  properties  of  the  metal,  viz.,  its  great  affinity 
for  oxygen,  is  responsible  for  its  extended  use  as  a deoxidizing  agent. 
It  can  be  seen  from  what  has  been  stated  previously  that  the  affinity 
which  the  metal  has  for  oxygen  is  exhibited  by  no  common  metal, 
i.  e .,  no  ordinary  commercial  metal.  It  is  used  in  the  manufacture  of 
steel  and  steel  castings,  in  the  making  of.  certain  bronzes,  and  in  zinc 
baths  for  galvanizing.  The  effect  in  all  of  these  processes  is  simply 
to  carry  off  a certain  percentage  of  impurity.  Oxygen,  in  its  various 
oxide  forms,  really  constitutes  the  majority  of  these  impurities.  For 
instance,  take  the  fabrication  of  steel.  There  is  no  such  thing  as  an 
aluminum  steel.  Mr.  R.  A.  Hatfield,  of  the  Institute  of  British 
Engineers,  has  gone  very  thoroughly  into  that  matter,  has  written 
several  papers  on  it,  and  if  an  attempt  is  made  to  analyze  a steel 
which  has  been  treated  with  aluminum,  there  is  no  aluminum  shown 
in  the  analysis,  simply  because  the  aluminum  is  burned  up,  or  rather 
oxidized,  and  in  that  it  has  its  true  value.  Just  imagine  to  yourselves 
a proportion  ranging  from  4 to  6 oz.  of  aluminum  to  a ton  of  steel. 
That  is  what  gives  the  result,  and  any  more  than  such  a proportion 
gives  results  to  be  avoided,  as  it  increases  the  shrinkage  to  a marked 
degree. 

The  effect  of  the  metal  on  low  carbon  steel  is  to  combine  with  the 
oxygen  and  occluded  gases  causing  the  ebullition  in  steel  ingots,  and 
to  form  a light  slag  which  comes  to  the  surface  of  the  mold.  The 
addition  of  this  small  quantity  of  aluminum,  added  either  in  the  ladle 
or,  with  more  economy  of  the  aluminum,  in  the  molds  just  after 
pouring,  has  the  effect  of  quieting  the  molten  steel,  but  does  not 
necessarily  increase  the  heat  of  the  metal.  There  are  two  theories  to 
account  for  this  action.  One,  as  stated  before,  the  affinity  of  aluminum 
for  oxygen,  causing  a breaking  up  in  the  gases,  or  that  the  aluminum 
greatly  increases  the  solubility  in  the  steel  of  the  gases  usually  given 
off  at  the  moment  of  setting,  which  usually  form  blow  holes  and 
bubbles.  There  is  no  stirring  necessary  as  the  aluminum  seems  to 
permeate  the  body  of  the  ingot  with  great  rapidity,  once  it  is  forced 
under  the  surface  of  the  molten  metal.  The  saving  in  crop  ends  alone 
much  more  than  warrants  the  cost  of  the  aluminum.  With  high 
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carbon  steels  there  does  not  seem  to  be  the  same  necessity  for  the  nse 
of  a deoxidizer,  because  there  is  not  this  ebullition  or  boiling  in  the 
ingots. 

This  process  for  a time  was  under  the  disadvantage  of  certain 
patent  rights  which  curtailed  its  extended  use.  These  patents  have 
run  out,  however,  and  the  process  is  being  used  extensively  by  steel 
makers  and  in  steel  castings  particularly. 

The  same  effect  is  noticeable  in  the  casting  of  bronze.  A very 
small  proportion  of  aluminum, will  make  the  metal  flow  much  better, 
and  will  make  a relatively  poor  grade  of  yellow  brass  much  cleaner 
and  more  homogeneous  in  the  finished  casting. 

The  effect  of  aluminum  on  an  ordinary  grade  of  cast  iron  is  not  of 
such  advantage.  While  it  acts  as  a deoxidizer,  and  while  it  has  a 
tendency  to  soften  a hard  iron  by  rendering  the  combined  carbon 
graphitic,  as  a matter  of  fact  it  is  found  that  the  aluminum  has  a 
greater  tendency  to  unite  first  with  the  silicon  in  the  iron  than  it  has 
with  the  carbon.  This  effect  is  not  at  all  desirable  as  it  gives  the  same 
result  as  would  the  casting  of  a desiliconized  iron,  i.  e.,  blow  holes. 

Aluminum  does  not  permeate  a mass  of  iron  as  it  does  a mass  of 
steel.  The  action  of  a very  small  proportion  of  aluminum  in  cast 
iron  is,  however,  very  noticeable.  After  pouring  the  hot  iron  from  a 
cupola  and  after  the  addition  of  the  aluminum,  the  first  effect  is  to 
cover  the  surface  of  the  pot,  or  the  ladle,  with  a very  thin  iridescent 
scum.  This  scum  on  analysis  shows  a large  proportion  of  silicate  of 
aluminum,  and,  covering  the  surface,  makes  the  molten  metal  look 
cold.  Men  who  have  been  handling  hot  iron  for  years  would  state  at 
once  that  such  cold  metal  could  not  be  poured,  but  on  actual  pouring 
it  is  found  to  be  so  hot  that  in  many  cases  it  will  cut  off  the  surface 
of  the  mold. 

There  is  no  particular  value  in  using  aluminum  in  connection  with 
the  puddling  process  for  wrought  iron.  It  has  been  successfully  used 
in  the  process  for  the  production  of  so-called  wrought-iron  castings. 
This  is  known  as  the  “Mitis  process.”  With  the  addition  of  a small 
amount  of  aluminum  it  is  possible  to  actually  pour  melted  wrought- 
iron  scrap  which  on  fracture  will  show  a very  much  better  grade  of 
material  than  an  ordinary  casting.  The  result,  however,  is  not  com- 
mercially satisfactory.  The  only  concern  that  ever  operated  to  any 
great  extent  in  this  country  has  ceased  to  exist. 
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Aluminum  is  also  used  as  a deoxidizer  in  the  galvanizing  bath.  The 
effect  is  again  a fluxing  or  removal  of  impurities,  which  gives  a 
greater  fluidity  and,  consequently,  a greater  surface  covering  capacity 
to  the  spelter.  It  is  invaluable  for  this  purpose,  and  no  concern  of 
any  size  is  without  a supply. 

Next  in  importance,  if  not  first,  is  the  question  of  the  electrical 
conductivity  of  the  metal;  its  use  for  electrical  purposes.  It  is  only 
recently  that  extended  experiments  have  been  made  in  this  direction. 
Of  course,  it  has  been  realized  for  some  • time  that  if  aluminum  could 
be  gotten  cheap  enough,  it  would  to  a certain  extent  replace  copper. 
Just  at  the  present  time  with  copper  at  prices  ranging  from  18  to  19| 
cents  per  pound,  where  it  was  13  and  14  cents  or  even  lower  a year  or 
a year  and  a half  ago,  the  difference  in  weight  between  aluminum  and 
copper,  even  with  the  40%  difference  in  conductivity,  shows  a material 
advantage  in  favor  of  aluminum  conductors. 

The  conductivity  of  aluminum  is  only  63%  of  the  conductivity  of 
•copper  as  a maximum.  Commercially,  60  to  62%  can  be  very  readily 
obtained.  The  weight  of  aluminum  compares  with  that  of  copper  as 
1 is  to  3.3.  To  put  this  in  a slightly  different  way,  1 ft.  of  copper  wire 
of  a certain  diameter  will  be  equivalent  in  weight  to  3.3  ft.  of  alumi- 
num of  the  same  diameter.  The  combination  of  these  two  properties 
of  weight  and  conductivity  give  aluminum  an  advantage  over  copper 
at  present  prices. 

With  copper  at  18  cents  per  pound,  it  is  now  practicable  to  produce 
aluminum  to  compete  with  it.  Even  were  copper  12  cents,  however, 
as  it  was  a year  ago,  it  would  mean  the  question  of  but  a short  time 
until  aluminum  would  be  produced  in  sufficient  quantity  to  be  on  the 
same  basis.  The  cost  of  aluminum  is  absolutely  dependent  on  the 
amount  of  the  metal  produced,  just  as  in  any  other  manufacturing 
business  the  fixed  charges  per  unit  are  dependent  on  quantity. 

Besides  an  actual  cost  in  favor  of  aluminum  conductors,  there  is 
the  added  advantage  of  but  one-half  the  weight  on  the  line.  The 
increase  in  section  of  40%  means  only  an  addition  of  one-fifth  the 
diameter— not  a very  important  factor  in  aerial  work.  For  conduit  or 
underground  installations  in  cities  aluminum  is  somewhat  handicapped 
at  present. 

The  question  of  galvanic  action  is  probably  the  greatest  disadvan- 
tage in  the  commercial  application  of  aluminum  for  a number  of  pur- 
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poses.  In  fact  most  of  the  disadvantages  in  its  use  can  be  traced  to 
the  position  of  the  metal  in  the  electro-chemical  series.  For  instance, 
in  replacing  copper  wire  or  cable  with  aluminum,  the  question  of  joints 
is  one  of  the  first  that  suggests  itself,  and  the  problem  of  soldering 
aluminum  comes  to  the  front.  As  a matter  of  fact,  aluminum  can  be 
soldered,  but  it  is  not  an  entirely  satisfactory  process,  particularly  if 
the  soldered  surfaces  are  depended  upon  for  the  tensile  strength  of 
the  joint.  With  the  jointing  of  large  feed  wire  cable  or  in  smaller 
conductors,  power  transmission  wire,  or  electric  light  feeders,  this 
condition  is  readily  and  safely  met.  In  the  former  instance  a sleeve 
is  used  in  which  the  soldering  necessary  is  not  depended  on  for 
strength,  but  only  to  obtain  a perfect  electrical  contact.  The  cable  is 
expanded  and  the  strength  of  the  joint  depends  entirely  upon  the 
mechanical  properties  of  the  sleeve  rather  than  directly  on  the  solder. 
In  the  latter  case  the  ordinary  McIntyre  or  twist  joint  is  used  with  a 
sleeve  of  aluminum  tubing.  This  twist  joint  can  be  used  in  as  large 
as  No.  00  wire  or  its  stranded  equivalent.  With  trolley  wire  and  many 
parts  of  electrical  machines,  such  a dodging  of  the  necessity  of  solder 
is  out  of  the  question,  and  so  far  no  very  extensive  experiments  have 
been  made  to  overcome  this  difficulty.  It  is  the  writer’s  idea,  however, 
that  the  true  solution  of  this  problem  will  lie  in  taking  advantage  of 
the  softness  and  compressibility  of  aluminum.  It  is  entirely  practi- 
cable to  put  a cable  and  a sleeve  under  pressure  and  reduce  the  size  so 
that  the  parts  become  practically  one  piece. 

As  before  stated,  the  two  principal  fields  in  which  aluminum  has 
extended  use  as  an  electrical  conductor  are  power  transmission  wire 
and  railway  feeders.  Telephone  and  telegraph  wire  is  still  in  an  experi- 
mental stage,  and  trolley  wire  and  conduit  work  present  too  many 
difficulties  to  be  successfully  overcome  when  there  is  but  a compara- 
tively slight  margin  in  cost. 

As  a sample  of  the  specifications  which  aluminum  is  called  upon  to 
fill  as  a conductor,  the  following  is  an  extract  of  some  of  the  principal 
clauses  upon  which  several  lines  have  been  erected : 

Conductivity. — The  conductivity  of  the  aluminum  furnished  will  be 
guaranteed  to  be  not  less  than  60  in  the  Matthiessen  Standard  Scale. 
Upon  this  basis  the  comparative  cross-section  between  copper  and 
aluminum  of  equal  conductivity  will  be  as  100  is  to  161.7  (conductivity 
of  copper  assumed  to  be  at  97). 
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Tensile  Strength.— The  tensile  strength  of  the  aluminum  wire  will  he 
guaranteed  to  be  not  less  than  22  000  lbs  per  square  inch,  with  an 
elastic  limit  of  one-half  the  ultimate. 

Composition.—  A uniform  product  will  be  guaranteed,  the  chemical 
composition  of  which  will  not  vary  more  than  0.3  of  1 per  cent.  The 
average  analysis  of  the  aluminum  to  be  used  could  be  safely  taken  as 


Joints. — The  conductivity  and  tensile  strength  of  the  joints  in  the 
line  will  be  guaranteed. 

Ductility.— (Wrapping  Test.)— Wire  shall  be  capable  of  being- 
wrapped  in  six  turns  around  its  own  diameter,  unwrapped,  and  again 
wrapped  in  six  turns  around  its  own  diameter  in  the  same  direction  as 
the  first  wrapping,  without  showing  any  cracks. 

As  to  the  corrosion  of  aluminum  or  its  lasting  qualities  under 
atmospheric  conditions,  there  are  many  opinions  held  that  are 
absolutely  erroneous.  Aluminum  will  corrode  under  certain  condi- 
tions; there  is  no  question  about  that.  Salt  water,  or  rather  sea 
water,  will  affect  it,  and  the  presence  of  ammonia  or  strong  alkaline 
vapors  will  corrode  it.  The  fact  is,  however,  that  most  opinions  on 
this  subject  are  based  on  the  behavior  of  the  metal  as  manufactured 
two  or  three  years  ago,  when  a purity  of  98%  was  the  greatest 
available.  A very  small  percentage  of  impurity  causes  relatively 
great  corrosive  action,  and  a very  pure  metal  is  very  much  less 
affected  than  an  impure  metal.  If  an  aluminum  wire  were  stretched 
across  a bay,  for  instance,  or  in  a locality  where  salt  water  vapor  would 
come  in  direct  contact  with  it,  it  could  hardly  be  said  that  it  would  be 
absolutely  non-corrodible.  Copper  itself  will  corrode  when  the 
atmosphere  is  sufficiently  impregnated  with  salt  vapor.  Under 
ordinary  atmospheric  conditions,  aluminum  covers  its  surface  with  a 
film  of  oxide,  which  arrests  any  further  corrosion  of  agranular  nature, 
and  this  film  does  not  interfere  with  the  conductivity  of  the  wire.  Mr. 
Arthur  Hale,  Superintendent  of  Telegraph  of  the  Pennsylvania  Kail- 
road  Company,  writes  as  follows  regarding  some  aluminum  wire  he  has 
up  west  of  Philadelphia: 

‘ { We  have  been  waiting  with  some  interest  to  see  how  the  aluminum 
wire  which  we  recently  procured  from  you  would  act  during  the 
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winter.  The  first  severe  test  came  on  Sunday  morning  after  a severe 
snowstorm  followed  by  a drop  in  the  temperature  and  high  northwest 
wind.  The  17  miles  of  your  wire,  which  we  put  up,  stood  the  test 
very  well  and  broke  only  at  one  point  where  there  was  a slight  flaw  in 
the  wire.” 

This  particular  wire  crosses  salt  marshes  and  has  so  far  resisted  any 
tendency  toward  granular  corrosion. 

Other  examples  could  be  cited,  as  there  are  many  plants  using 
aluminum  wire  that  has  been  up  at  least  two  years. 

We  have  still  a great  deal  to  learn  with  regard  to  the  question  of 
aluminum  wire  drawing.  So  many  of  the  physical  properties  of  con- 
ductor wire  depend  on  the  proper  manipulation  of  the  metal  in  the 
casting  of  wire  bars  and  other  processes,  that  it  is  difficult  to  predict 
what  requirements  can  be  introduced  when  this  process  has  had  the 
years  of  experience  that  the  mills  drawing  copper  wire  have  had. 

The  tensile  strength  and  conductivity  are  largely  dependent  on  the 
question  of  the  alloying  with  the  addition  of  a small  amount  of  copper. 
As  small  a proportion  as  f of  1%  will  cut  down  the  conductivity  to  56 
or  57%,  but  will  correspondingly  increase  the  tensile  strength  from 
22  000  to  35  000  lbs.  and  even  higher.  With  the  idea  of  showing 
how  firmly  this  use  of  aluminum  has  become  fixed,  it  can  be  stated 
that  there  is  being  used  pow  no  less  than  300  000  lbs.  a month  of 
alumimum  wire  and  cable  for  this  purpose  and  the  one  principal  mill 
is  stocked  with  orders  far  ahead.  The  field  is  an  enormous  one, 
particularly  with  aluminum  constantly  dropping  in  price,  and  copper, 
at  least,  stationary. 

Another  large  use,  not,  of  course,  as  interesting  to  you  as  engi- 
neers, is  the  replacing  of  zinc  by  aluminum  sheet.  Just  recently  one 
of  the  large  manufacturers  of  fruit  jars  has  adopted  the  metal  in  place 
of  zinc  as  a fruit  jar  cover,  and  you  will  be  surprised  to  know  that  the 
number  of  fruit  jars  that  are  made  by  this  one  concern,  aside  from  the 
industry  as  a whole,  require  6 000  lbs  of  aluminum  a day. 

The  use  in  yacht  construction  is  by  no  means  small.  On  the 
authority  of  Herreshoff  and  other  yacht  builders,  there  seems  to  be  no 
doubt  that,  properly  protected  from  the  direct  action  of  sea  water  by 
some  good  metallic  paint,  the  metal  is  very  satisfactory. 

A decided  innovation  is  the  replacing  of  the  costly  stones  for  litho- 
graphic work  by  the  much  more  inexpensive  aluminum  plates.  The 
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principal  comic  weeklies  are  the  product  of  such  plates.  There  prom- 
ises to  be  great  development  along  this  line  in  the  near  future. 

There  are  many  other  legitimate  uses  that  the  metal  is  and  will  be 
specially  adapted  for,  but  the  most  interesting  ground  has  been  cov- 
ered, particularly  from  an  engineering  standpoint.  Aluminum  has 
recovered  from  the  condition  consequent  to  the  extravagant  and 
mostly  disproved  claims  made  for  it  soon  after  its  first  commercial 
introduction.  The  field  that  lies  before  it  is  vast— new  properties 
and  new  alloys  are  constantly  being  developed.  The  progress  will  be 
slow,  however.  Prejudice  is  not  easily  overcome  among  conservative 
manufacturers,  and  most  of  the  labors  of  development  will  fall,  as  it 
has  before,  on  the  producing  interests. 
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Mr.  N.  P.  Lewis. — The  author  told  us  the  present  commercial  Mr.  Lewis, 
price.  I didn’t  catch  it.  He  gave  what  he  said  was  a fair  price.  I 
would  like  to  ask  what  the  price  is  for  my  own  benefit. 

Mr.  S.  K.  Colby. — The  price  was  not  mentioned,  simply  because  it  Mr.  Colby, 
is  largely  a question  of  special  conditions.  The  price  to-day  will  com- 
pare very  favorably  with  the  higher  priced  metals.  In  fact,  it  is  about 
10%  cheaper  than  brass.  With  copper  at  the  present  prices,  cheap 
brass  will  cost  from  15|  to  16J  cents  per  pound;  and,  taking  into  con- 
sideration the  difference  of  weight,  aluminum  is  considerably  cheaper. 

In  general,  if  bought  in  sufficient  quantities,  aluminum  can  be  fur- 
nished at  from  34  to  35  cents  a pound.  A year  and  a half  ago  it  was 
50  cents;  and  two  years  before  that  it  was  75  cents  to  $1. 

Mr.  H.  S.  Wynkoop. — It  has  been  stated  that  there  are  two  Mr.  Wynkoop. 
methods  by  which  the  production  of  aluminum  may  be  cheapened. 

One  is  in  the  cheapening  of  the  cost  of  mining  and  transporting  the 
raw  material.  The  other  is  in  the  cheapening  of  the  cost  of  electrical 
energy,  required  for  producing.  This  raw  material  can  be  procured 
from  Tennessee  down  to  the  northwest  of  Georgia  for  almost  nothing, 
but  this  raw  material  has  to  go  over  railroads  which  charge  very  high 
rates,  and  it  will  probably  be  a long  time  before  the  railroads  down 
there  are  doing  sufficient  business  to  lower  their  rates,  so  as  to  reduce 
the  cost  of  the  bauxite  if  delivered  at  the  point  where  the  process  of 
manufacture  is  carried  on. 

Mr.  S.  K.  Colby. — I want  to  correct  one  statement  made  by  the  Mr.  Colby, 
gentleman  who  spoke  last,  that  is,  in  regard  to  the  territory  in  which 
bauxite  is  found.  The  actual  territory  in  which  bauxite  may  be  found 
is  very  much  less  than  the  area  he  has  indicated.  The  majority  of 
the  bauxite  found  outside  of  Georgia  and  Alabama  contains  over  3% 
of  silica,  from  which  it  is  impossible  to  produce  aluminum  commer- 
cially because  of  the  difficulty  of  getting  rid  of  the  silica.  In  the 
purification  it  is  impossible  to  dissolve  it,  or,  I should  say,  to  leave  as 
a residue  in  the  process  much  more  than  3%  of  this  silica,  and,  in 
consequence,  if  the  alumina  that  goes  into  the  pots  contains  any 
silica,  that  silica  comes  down  with  the  aluminum  in  the  process  of 
reduction.  In  consequence,  we  get,  in  the  first  place,  metallic  silicon 
which  we  do  not  want,  and,  in  the  second  place,  an  aluminum  which 
is  contaminated  with  silicon  and  which  gives  a useless  product. 

Although  Mr.  Wynkoop’s  statement  is  perfectly  true  that  there  is 
bauxite  in  the  territory  he  mentions,  it  contains  more  than  3%  of 
silica,  when  it  should  contain  under  3%,  and  some  of  it  runs  as  low 
as  1^  to  2 per  cent. 
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Mr.  Wynkoop.  Mr.  H.  S.  Wynkoop.—  May  I ask  tlie  price  of  tlie  raw  material,  as 
mined,  and  the  price  per  pound  for  transportation.  I want  to  get  the 
relative  amount. 

Mr.  Colby.  Mr.  S.  K.  Colby. — The  cost  of  mining  that  material  is  about  $2.25 
to  $2.50  per  ton  on  board  cars.  The  value  of  the  land  on  which 
these  bauxite  formations  are  found  is  about  $300  an  acre;  that  depends 
on  the  man  one  has  to  deal  with,  of  course.  He  generally  puts  his 
price  away  up.  The  ordinary  value,  I should  say,  at  the  present  time, 
for  bauxite  formations  of  that  character  ranges  from  $300  to  $500  per 
acre.  The  cost  of  transportation  of  the  raw  material  is  from  $6  to  $8 
per  ton  in  Pittsburgh;  but  $6  a ton  is  only  a very  small  item  in  the 
actual  cost  of  the  alumina.  The  process  of  purifying  the  bauxite  is 
what  costs  most. 

A Member.  A Member. — I would  like  to  ask  whether  I understood  Mr.  Colby 
correctly  with  regard  to  the  statement  he  made  that  the  price  of 
electric  power  per  horse-power  per  hour  is  $12. 

Mr.  Colby.  Mr.  S.  K.  Colby.— I made  no  definite  statement  as  to  $12  per  horse- 
power per  hour.  As  a matter  of  fact  I am  not  in  a position  to  state 
what  the  cost  of  horse-power  is  exactly.  I merely  stated  that,  taking 
those  figures  as  a basis,  the  results  indicated  are  obtained. 

The  President.  The  President. —I  would  like  to  ask  Mr.  Colby  what  proportion 
the  aluminum  that  actually  comes  into  the  process  of  reduction  bears 
to  the  bauxite  from  which  it  is  made? 

Mr.  Colby.  Mr.  S.  K.  Colby.— The  proportion  varies  from  48  to  50%,  and  a 
peculiar  fact  in  this  connection,  as  before  stated,  is,  that  not  more 
than  i of  1 % of  the  original  aluminum  is  lost  in  the  reduction. 

A Member.  A Member.— Will  aluminum  be  satisfactory  for  trolley  wire? 

Mr.  Colby  Mr.  S.  K.  Colby.— We  have  had  several  offers  from  electric  railway 
companies  to  put  in  an  experimental  section  of  aluminum  trolley 
wire.  Up  to  the  present  time,  however,  we  have  not  been  quite  ready 
to  accept  such  offers,  because  we  have  not  been  sure  enough  of  our 
ground.  The  question  of  wear  must  be  determined.  Aluminum  is  a 
soft  metal  and  does  not  wear  nearly  as  well  as  a hard  copper  wire.  And 
yet,  while  not  actually  a good  bearing  or  wearing  metal,  we  have  had 
some  rather  contradictory  results. 

The  question  came  up  some  time  ago  of  the  manufacture  of  an 
aluminum  back  or  frame  for  the  clocks  manufactured  by  a large  clock 
company,  replacing  the  heavy  brass  that  is  used  for  the  frames,  and 
of  which  a great  many  tons  are  used  every  year.  We  tried  the  experi- 
ment of  putting  aluminum  under  the  friction  test,  and  they  ran  their 
experimental  clocks  some  nine  hundred  and  ninety-nine  years  in  the 
space  of  twenty-four  hours,  by  gearing  up  the  wheels,  and  the  actual 
wear  of  the  steel  pinions  on  the  aluminum  plate  was  less  than  on  a 
brass  plate  under  the  same  conditions.  This  question  of  wear  is  a 
very  important  one  in  trolley  wire,  and  the  result  of  the  first  experi- 
ments along  this  line  will  be  watched  with  great  interest. 
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The  statement  that  the  New  York  building  law,  concerning  build- 
ings of  the  “sky-scraper  ” type,  should  be  revised,  has  been  made  so 
frequently  that  it  is  unnecessary  for  the  author  of  this  paper  to 
disclaim  originality  for  the  idea.  What  follows  is  simply  a reiteration 
of  arguments  which  have  been  already  advanced,  with  perhaps  a 
difference  in  the  form  of  presentation. 

The  process  of  designing  the  skeleton  for  a modern  office  building 
is  one  which  involves  as  great  a degree  of  skill  and  judgment  as  would 
be  required  in  the  design  of  an  important  bridge,  with  perhaps  a 
greater  attention  to  those  matters  of  details  which,  to  the  owner  or 
architect,  might  appear  unimportant.  This  is  due  to  the  fact  that  in 
a building  of,  say,  fifteen  stories,  there  are  many  more  duplications  of 
parts  than  would  ordinarily  be  found  in  a bridge  containing  an  equal 
weight  of  steel.  Hence,  a trifling  waste  of  material  in  one  beam 
section  becomes  very  evident  when  multiplied  by  the  number  of 
duplications. 

But  in  this,  as  in  most  engineering  operations,  theoretical  consid- 
erations do  not  always  govern.  The  design  must  conform  to  the 
building  law.  The  fact  must  be  borne  in  mind  that  the  present  regu- 
lations were  framed  at  a time  when  a building  ten  stories  high  was  not 

* This  Club  is  not  responsible,  as  a body,. for  the  facts  and  opinions  advanced  in  this 
publication. 
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among  tlie  probabilities,  nor  bad  the  present  state  of  knowledge  in 
regard  to  the  materials  of  construction  been  then  attained. 

However  we  may  wonder  that  the  first  city  in  the  Union,  the  city 
in  which  the  economic  necessity  for  erecting  tall  buildings  was  first 
manifested  and  is  now  most  strongly  felt,  should  for  so  many  years 

have  contented  itself  with  a building  law  which  it  had  outgrown,  we 
are  less  surprised,  when  we  recollect  all  this,  to  find  that  a structure 
designed  under  the  provisions  of  this  law,  can  hardly  be  called 
modern  in  all  respects.  The  statute  comprising  the  building  laws  is 
a remedial  statute,  and  is  to  be  construed  liberally.  Under  its 
authority  the  official  head  of  the  Building  Department  may  disregard 
some  obsolete  practices,  and  cause  changes  to  be  made  in  methods  of 
calculation.  But  this  may  often  bring  expensive  trouble  and  delay 
to  a designer  unacquainted  with  the  practice  of  the  department. 

Beginning  with  the  foundations,  let  us  consider  the  present  legal 
requirements  as  to  some  parts  of  a skeleton  building. 

Section  474  provides  that  bearing  piles  shall  be  not  less  than  5 ins. 
in  diameter  at  the  small  end,  shall  be  spaced  not  over  30  ins.  between 
centers,  and  shall  not  be  loaded  with  more  than  40  000  lbs.  each.  It  is 
evident  that  under  this  section,  piles  5 ins.  in  diameter  at  the  large  end 
might  be  used  and  loaded  with  40  000  lbs.  The  worst  feature,  how- 
ever, is  that  no  account  is  taken  of  the  factors  which  are  most  import- 
ant in  determining  the  supporting  power  of  the  pile,  viz.,  the  charac- 
ter of  the  soil,  the  penetration  of  pile  under  the  last  blow,  the  weight 
of  the  hammer  and  the  height  from  which  it  falls.  Without  entering 
on  a theoretical  calculation,  based  on  any  one  of  the  numerous  pile 
formulas,  the  mere  statement  that  the  supporting  power  of  a pile 
driven  12  ins.  by  a hammer  weighing  1 000  lbs.  falling  10  ft.  is  vastly 
inferior  to  that  of  a pile  driven  1 in.  by  a hammer  weighing  2 000  lbs. 
falling  20  ft.  is  so  obviously  true  as  to  need  no  further  demonstration. 

The  presence  of  pile  specifications  in  the  building  laws  of  other 
large  cities,  almost  identical  with  the  section  cited,  shows  the  force  of 
a bad  example  when  set  by  an  influential  individual,  whether  private 
or  corporate.  As  an  instance  of  some  other  ways  of  covering  the  pile 
question,  the  building  law  of  a certain  large  city  requires  that  any  pile 
foundation  shall  be  sufficient  to  support  the  superstructure;  which  is 
no  doubt  eminently  safe  from  a legal  point  of  view,  and  so  general  as 
to  be  impregnable  to  the  assaults  of  adverse  criticism, 
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In  Section  474  the  size  of  stone  footings  under  columns  is  fixed  as 
being  12  ins.  wider  on  all  sides  than  the  base  of  the  column,  and  the 
minimum  size  of  stones  is  stated  to  be  2 by  3 ft.  by  10  ins.  The  pro- 
jecting part  of  the  stone  footing  acts  as  a cantilever  uniformly  loaded. 
Specifying  that  this  shall  not  have  less  than  a certain  length,  while 
evidently  intended  to  limit  the  pressure  on  the  earth  below  the  foot- 
ing, has  the  effect  of  allowing  very  high  tensile  stresses  in  the  stone, 
if  we  draw  a fair  inference  from  the  wording  of  the  section,  and  use 
one  course  10  ins.  thick,  projecting  12  ins.  beyond  the  column  base. 
To  illustrate,  assume  a column  carrying  100  000  lbs.  The  area  of  foot- 
ing at  4 tons  per  square  foot  (see  Section  483)  would  be  12.5  sq.  ft., 
say  3 ft.  7 ins.  by  3 ft.  7 ins.  If  this  is  to  be  12  ins.  wider  on  all  sides 
than  the  column  base,  the  latter  would  then  be  1 ft.  7 ins.  by  1 ft.  7 
ins.  With  this  arrangement,  the  tensile  stress  in  the  stone  would  be 
234  lbs.  per  square  inch,  which  condemns  the  design  at  once,  for  the 
footing  should  be  of  such  dimensions  that  this  stress  is  insignificant. 
With  a projection  of  12  ins.  the  depth  necessary  to  accomplish  this 
gives  a much  larger  and  more  expensive  pier  than  would  be  required 
if  the  column  base  were  increased  in  area  until  the  depth  of  10  ins. 
sufficed,  and  it  lies  in  the  discretion  of  the  Commissioner  of  Buildings 
to  decide  which  course  to  pursue  in  a particular  case. 

The  question  of  the  amount  of  live  load  to  be  provided  for  in  de- 
signing floors  is  one  which  will  naturally  be  governed  by  the  prevail- 
ing conditions  in  a given  city.  Hence,  the  specification  of  70  lbs.  per 
square  foot,  which  is  used  in  several  large  cities,  furnishes  no  argu- 
ment against  the  New  York  law  calling  for  100  lbs.  per  square  foot, 
which  is  probably  not  too  great.  Floors  subjected  to  the  vibrations  of 
machinery  should  be  specially  designed;  but  in  ordinary  cases,  the  use 
of  the  same  unit  stress  for  both  live  and  dead  loads  is  correct.  For 
while  the  live  load  on  a bridge  is  that  which  may  be  applied  for  a short 
time,  and  may  then  be  absent  for  hours  or  days,  the  live  load  on  a floor 
consists,  in  large  part,  of  office  fixtures,  the  positions  of  which  remain 
unchanged  for  years.  The  theory  by  which,  in  designing  bridges,  the 
live  load  unit  stresses  are  fixed  at  one-half  the  dead  load  unit  stresses, 
will  therefore,  not  apply,  for  the  removable  load,  during  long  periods, 
is  as  quiescent  as  the  weight  of  the  structure. 

But  in  dimensioning  floor  beams  and  girders  in  New  York,  we  are 
governed  by  a section  (486)  which  in  one  paragraph  states  that  steel 
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girders  may  be  designed  for  a stress  of  15  000  lbs.  per  square  inch  of 
the  gross  section  of  the  flange,  and  in  another,  that  not  more  than 
one-half  of  that  portion  of  the  flange  angle  which  lies  against  the  web 
may  be  regarded  as  flange  area.  The  effective  depth  of  a girder  5 ft. 
over  angles  may  vary  by  2 ins.,  as  calculated  by  these  two  paragraphs, 
a difference  which  would  very  materially  affect  results.  The  practice 
of  the  department  in  Manhattan  has  been  to  follow  the  second  method, 
that  is,  to  deduct  one-half  of  the  vertical  leg.  Under  modern  specifi- 
cations, the  net  area  is  obtained  by  deducting  from  the  gross  area  the 
portion  removed  in  punching  rivet  holes,  assuming  that  the  hole  is 
i in.  larger  than  the  rivet;  and  girders  so  designed  are  amply  strong. 

Take  the  case  of  a girder  of  23-ft.  span,  22L  ft.  over  angles,  carrying 

3 000  lbs.  per  foot,  and  let  us  design  the  flanges  (1)  for  a stress  of 
15  000  lbs.  per  square  inch  of  the  gross  area;  (2)  for  a stress  of  15  000 
lbs.  per  square  inch  on  an  area  deduced  according  to  the  method  of 
the  department;  (3)  according  to  modern  methods,  using  15  000  lbs. 
per  square  inch  of  net  section.  We  then  have: 

First. — Flange  stress  83  003  at  15  000  = 5.5  sq.  ins.,  for  which  we 
may  use  two  4 by  3-%-in.  angles  having  an  area  of  5.74  sq.  ins. 

Second. — By  cutting  off  one-half  of  the  vertical  or  3-in.  leg,  the 
effective  depth  is  slightly  increased  and  we  have  a flange  stress  of 
81  500  at  15  000  = 5.4  sq.  ins.,  requiring  two  4 by  3rb-in.  angles, 
having  an  area  of  7.24sq.  ins.,  or,  after  deducting  two  legs  1|  by  Fa  in., 
a net  area  of  5.56,  an  increase  of  26%  in  the  flange. 

Third. — Flan ge  stress  83  000  at  15  000  = 5.5  sq.  ins.,  requiring  two 

4 by  3 by  i-in.  angles  with  a gross  area  of  6.50  sq.  ins.,  or,  after 
deducting  two  holes,  £ by  \ in.,  a net  area  of  5.62  sq.  ins. 

The  increase  by  the  second  method  over  the  result  obtained  by  the 
third  is  then  11  per  cent.  That  is,  in  order  to  satisfy  the  Department 
of  Buildings,  we  must  put  into  the  flanges  of  every  such  girder  11% 
more  material  than  would  be  considered  necessary  under  any  modern 
specification,  even  though  using  the  same  unit  stress.  For  heavier 
girders,  without  cover  plates,  this  percentage  would  be  increased. 

Besides  these  faulty  methods  imposed  by  the  present  law,  it  makes 
no  distinction  between  bolts  and  rivets,  nor  between  field  and  shop 
rivets,  nor  between  steel  rivets  and  iron  rivets.  All  are  included 
under  one  head  as  being  good  for  9 000  lbs.  per  square  inch  in  shear. 
No  bolt  should  be  considered  equivalent  to  a rivet  of  the  same  mate- 
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rial  and  size,  unless  turned  to  a driving  fit;  many  engineers  object  to 
the  presence  of  bolts  in  important  connections  even  when  so  turned. 
As  to  field  rivets,  outside  of  buildings  in  New  York  City,  the  practice 
is  universal  to  allow  for  them  not  more  than  80%,  and  usually  67%  of 
the  value  of  a shop-driven  rivet.  For  it  is  very  clear  that  no  hand  work- 
man can  exert  the  power  which  may  be  brought  to  bear  with  a riveting 
machine,  to  upset  properly  the  material  in  the  shank  and  cause  the 
plates  to  be  firmly  gripped.  No  inspector  would  expect  to  find  eccen- 
tric heads  and  loose  rivets  among  those  driven  by  machine  in  any 
reputable  shop.  It  is  safe  to  assert,  that  if  there  are  any  rivets  in  a 
structure,  which  are  not  doing  the  work  they  should  do,  they  are 
hand-driven.  Hence,  we  may,  under  the  New  York  law,  after  putting 
into  a girder  enough  material  to  give  it  a large  excess  of  strength, 
have  a large  deficiency  in  the  strength  of  its  connections  to  its 
supports. 

The  designing  of  columns  is  covered  in  the  building  law  by  Section 
483,  which  states  that  their  strength  shall  be  computed  by  Gordon’s 
formula.  The  form  of  this  formula  is : 

Coefficient  X area  of  section. 

Crushing  load  = — ^ — 

1 + 

In  which  L is  the  length  of  column  in  inches;  His  the  diameter  of  a 
round  or  the  least  side  of  a rectangular  section  in  inches;  and  N is 
a factor  depending  upon  the  condition  of  the  ends  of  the  column,  the 
material,  and  the  form  of  the  section. 

The  law  states  nothing  whatever  about  the  value  of  N to  be  used 
in  any  case,  though  specifying  the  coefficients  to  be  used  in  the 
numerator,  for  columns  of  cast  iron,  wrought  iron,  steel,  and  various 
woods. 

Up  to  a recent  date  it  has  been  the  custom  of  the  department  to 
calculate  working  loads  per  square  inch  by  the  following: 

, TTr  12  000 
Riveted  steel,  W = 

1 + 36  000  H 2 

in  which  the  denominator  agrees  with  that  used  in  the  usual  specifica- 
tion for  fixed  ends,  R being  the  least  radius  of  gyration. 

16  000 
L2 


Hollow,  round  cast  iron,  W =■ 


400  H3 
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Hollow,  rectangular  cast  iron,  W=  - — — * 

1 + 500  D2 

The  following  table  shows  a few  comparisons  between  safe  loads  for 
cast-iron  columns,  obtained  bj  various  formulas.  The  figures  for 
Chicago  and  Boston  are  taken  from  tables  published  by  The  Expanded 
Metal  Fireproof  Construction  Company. 


Size.  Inches. 

Length. 

Feet. 

Type. 

New  York 
Law.  Tons. 

Boston 

Law. 

Tons. 

Chicago 

Law. 

Tons. 

Carnegie 
Pocket  Book. 
Tons. 

6x  % 

10 

Round. 

50 

41 

37 

33 

6 x % 

10 

Square. 

Round. 

70 

58 

53 

9x1 

16 

94 

80 

71 

64 

9x1 

16 

Square. 

Round. 

134 

112 

103 

12  x 1J4 

18 

219 

176 

161 

141 

12  x 1J4 

18 

Square. 

306 

242 

225 

The  actual  loads  are  probably  somewhat  less  than  the  calculated 
loads,  for  in  New  York  we  must  assume  all  floors  borne  by  a given 
column,  to  carry  full  live  and  dead  load  simultaneously.  The  build- 
ing laws  of  many  cities  provide  that  in  calculating  column  loads,  a 
certain  percentage  may  be  deducted  from  the  specified  live  load 
capacity  of  floors.  This  is  a reasonable  method  of  taking  account 
of  the  fact  that  there  will  always  be  some  portion  of  the  building 
which  is  not  fully  loaded. 

But  under  a very  small  load,  the  behavior  of  a cast-iron  column  is 
uncertain,  though  its  manufacture  may  have  been  conducted  with 
great  care.  On  account  of  this  notorious  unreliability,  due,  princi- 
pally, perhaps,  to  the  internal  stresses  arising  from  unequal  cooling, 
cast  iron  has  long  been  discredited  among  bridge  engineers,  as  a 
structural  material,  bed  plates  and  similarly  situated  parts  being  the 
only  ones  for  which  its  use  is  allowed.  A building  law  framed  with 
due  regard  to  the  known  characteristics  of  cast  iron,  should  restrict  its 
use  to  buildings  of  lesser  importance,  and  reduce  the  present  allowed 
column  loads  very  materially. 

Since  the  foregoing  was  written,  the  Building  Code  Commission 
appointed  in  January,  1899,  for  the  purpose  of  revising  the  building 
law,  has  made  public  its  report  to  the  Municipal  Assembly.  The  new 
code  recommended  in  this  report,  whatever  legal  defects  it  may  con- 


STRACHAH  OH  THE  HEW  YORK  BUILMHG  LAW. 


189 


tain,  is,  from  the  engineer’s  standpoint,  so  far  as  it  relates  fco  tall 
buildings,  a great  improvement  over  the  old.  The  superiority  arises 
in  great  measure  from  its  definiteness.  The  subjects  are  treated  in 
such  a manner  that,  however  opinions  may  differ  regarding  the  wisdom 
of  its  requirements,  there  is  little  doubt  as  to  what  is  required.  This 
merit  will  appeal  to  any  one  who  has  been  compelled  to  revise  a set  of 
plans  in  consequence  of  the  ambiguity  of  some  section  of  the  law.  The 
subject  of  wind  pressure,  heretofore  ignored,  is  also  covered.  It  is  to 
be  regretted,  however,  in  view  of  the  likelihood  that  the  proposed  code 
will  become  law,  that  under  it  the  use  of  cast  iron  columns  is  as  freely 
allowed  as  at  present,  and  that  the  safe  loads  specified  are  a little 
higher  than  those  heretofore  allowed  under  the  rulings  of  the  Building 
Department. 

One  of  the  most  far-reaching  changes  proposed  by  the  new  code  is 
that  concerning  fireproof  floors.  Up  to  a very  recent  date,  it  has  been 
practically  impossible  to  make  use  in  skeleton  buildings,  of  any  but 
solid  or  hollow  brick  arches,  covered  with  concrete,  between  floor 
beams,  the  latter  form  giving  a completed  floor  weighing  about  80  lbs. 
per  square  foot.  Other  styles  of  floor  have  been  designed,  equal  to  this 
in  durability  and  carrying  capacity,  and  having  a weight  of  but  50  lbs. 
or  even  less.  The  new  code  allows  the  use  of  any  form  of  fireproof 
floor  which  has  previously  been  tested  and  approved  by  the  Building 
Department.  When  we  consider  that  a reduction  of  30  lbs.  per  square 
foot  in  a building  100  by  50  ft.  with  ten  floors,  is  equivalent  to  a reduc- 
tion of  750  tons  in  the  dead  load  carried  upon  the  foundations,  making 
possible  a large  saving  in  metal  for  both  columns  and  beams  through- 
out the  entire  building,  the  importance  of  such  a change  is  apparent. 

Whether  the  effect  of  Section  148  of  the  proposed  law,  which  gives 
the  Commissioner  large  discretion,  will  be  to  nullify  its  good  points,  is 
a problem  for  lawyers  rather  than  for  engineers.  But  assuming  that 
such  will  not  be  the  case,  its  passage  will,  no  doubt,  cause  great  and 
long-needed  changes  in  the  construction  of  tall  buildings;  changes 
which  should  be  felt  by  the  owner,  the  architect  and  the  engineer 
through  opportunities  for  more  economical  design. 
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Mr.  Meem. 


r.  Strachan. 


Mr.  Meem. 


DISCUSSI ON. 


Mr.  J.  C.  Meem. — I find  in  the  tables  for  cast-iron  columns  as 
published  in  Carnegie’s  hand  book  in  1893  (which  may  have  been 
revised  since)  that  the  loads  given  there  for  those  columns,  in  which 
the  ratio  of  the  length  to  the  diameter  is  the  same  as  in  those  of  some 
recent  experiments  made  at  Phcenixville,  Pa.,  are  from  33  to  50 % too 
large  per  square  inch  of  area.  I should  like  to  ask  how  these  tables 
compare  with  the  old  New  York  building  law. 

Mr.  R.  C.  Strachan. — I do  not  know  what  the  old  Carnegie  tables 
give,  but  those  in  the  edition  of  1896  give  safe  loads  about  two-thirds 
as  great  as  the  old  New  York  law  allows.  Do  I understand  from 
these  experiments  that  a column  calculated  for  57  000  lbs.  per  square 
inch  ultimate  strength  showed  an  actual  strength  of  only  28  000  to 
38  000  lbs.? 

Mr.  J.  C.  Meem. — That  is,  I think,  what  they  showed.  The  experi- 
ments referred  to  were  made  by  the  Newr  York  Building  Department, 
under  the  direction  of  Mr.  W.  W.  Ewing,  at  the  Phoenixville  Bridge 
ComiDany,  Phoenixville,  Pa.,  December  15th  to  21st,  1897.  Those 
interested  in  the  subject  are  referred  for  a full  account  to  the 
Engineering  News  of  January  13th,  1898,  from  which  the  following 
deductions  are  quoted.  “ That  is,  by  the  New  York  law  the  15-in. 
columns  would  be  calculated  to  have  a breaking  strength  of  57  143 
lbs.  per  square  inch,  while  the  actual  tests  show  that  their  strength 
was  only  from  24  900  to  something  over  40  400  lbs.  per  square  inch. 
The  6 by  8-in.  would  be  calculated  to  have  a breaking  strength  of 
40  000  lbs.  per  square  inch,  while  their  actual  breaking  strength  was 
only  22  700  to  31  900  lbs.  per  square  inch.  If  such  columns  as  these 
are  loaded  in  buildings  with  the  loads  the  law  allows,  the  factor  of 
safety  instead  of  being  5,  as  required  in  the  law,  is  actually  in  some 
cases  little  more  than  2.  This  is  also  borne  out  by  the  results 
obtained  during  similar  tests  conducted  about  a year  ago  by  the 
Building  Department  with  full-sized  cast-iron  columns.” 

The  Engineering * -News  says  in  effect  in  a later  issue,  it  is  not 
generally  known  that  the  only  basis  for  Gordon’s  and  Rankine’s 
formulas,  with  their  different  coefficients  as  given  by  various  authors 
and  upon  which  are  designed  all  the  columns  used  for  buildings  in 
New  York  City,  is  a series  of  experiments  by  Hodgkinson  on  nine 
“long”  pillars  7J  ft.  long,  with  external  diameters  of  1.74  to  2.23 
ins.,  and  whose  greatest  thickness  was  0.35  in.,  and  on  thirteen 
“short”  pillars  0.733  to  2.521  ft.  long,  with  external  diameters  of 
1.08  to  1.26  ins.,  and  whose  thickness  was  in  no  case  as  great  as  J in. 
The  strength  per  square  inch  of  a piece  of  cast  iron  varying  with  its 
fineness  of  grain,  which  depends  on  its  thickness  and  rate  of  cooling 
as  well  as  its  composition,  it  is  not  possible  to  predict,  from  a piece 
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1 in.  thick,  what  will  be  the  strength  of  a piece  of  the  same  iron  1 to  Mr.  Meem. 
li%  ins.  thick — the  thickness  used  in  modern  15-in.  columns  ? 

Mr.  S.  O.  Miller  deduced  a formula  from  the  Phoenixville  tests  as 
follows:  P = 34  000  — 88  (l  -f  r)  in  which  P is  the  ultimate  load  per 
square  inch,  l is  the  length  in  inches  and  r is  the  least  radius  of 
gyration  in  inches.  Applying  this  to  the  15-in.  column,  noted  above, 
we  have  l equals  190  ins.  and  r is  7 ins.  approximately.  Then  P equals 
31  739,  which  is  practically  a mean  of  the  extreme  results,  24  900  and 
49  400,  given  by  the  experiments. 

Mr.  E.  C.  Strachan. — The  principal  objection,  as  I think  I stated,  Mr.  Strachan. 
is  that,  although  you  may  figure  on  cast-iron  columns  any  way  you 
please,  you  don’t  know  what  a given  column  is  going  to  do.  There- 
fore, you  ought  to  allow  a liberal  factor  of  safety;  and  if  you  elimin- 
ate the  cast-iron  column  from  important  buildings,  so  much  the 
better. 

A Member. — Perhaps  Mr.  Strachan  can  tell  us  something  about  a Member.  • 
his  investigations  in  the  Ireland  Building. 

Mr.  E.  C.  Strachan. — Some  of  the  broken  columns  in  that  building  Mr.  Strachan. 
showed  that  the  core  had  shifted  so  that  the  metal  on  one  side  would 
be  perhaps  in.  thick,  where  it  was  supposed  to  be  f in. ; conse- 
quently, the  strength  of  the  column  wasn’t  anything  near  what  it 
should  be.  I do  not  think  there  was  one  that  I saw  in  which  the  core 
had  not  shifted  very  percej)tibly. 

Mr.  Joseph  Strachan. — I would  like  to  ask  the  speaker  of  the  Mr. J. strachan. 
evening  if  he  thinks  cast-iron  columns  would  not  be  perfectly  safe  up 
to,  say,  12  ft.  in  length,  cast  on  end,  just  like  cast-iron  water  pipes. 

The  thickness  of  water  pipes  is  quite  regular,  and  there  are  compar- 
atively few  failures  due  to  pressure.  It  seems  to  me  that  cast-iron 
columns,  for  buildings,  up  to  that  length  would  be  as  safe  as  wrought 
iron. 

Mr.  E.  C.  Strachan. — That  is  the  important  point  in  my  mind— to  Mr.  Strachan. 
cease  the  use  of  cast-iron  columns  promiscuously  in  large  and  import- 
ant buildings,  like  the  Syndicate  Building  on  the  corner  of  Nassau 
and  Liberty  Streets,  where  there  are  sixteen  stories  on  cast-iron 
columns.  Of  course  cast-iron  columns  stand  up  for  a long  time,  but 
there  is  always  the  possibility  of  a sudden  side-blow  destroying  them. 

Mr.  Henry  B.  Seaman. — My  opinion  of  cast-iron  columns  is  quite  Mr.  Seaman, 
different  from  that  expressed  by  Mr.  Strachan.  If  a cast-iron  column 
is  properly  made  and  carefully  inspected,  and  is  designed  so  as  not  to 
put  a tensile  strain  upon  it,  I think  it  may  be  a better  column  for 
ordinary  building  purposes  than  a wrought-iron  column.  The  reason 
for  that  statement  is  that  it  is  usually  a thicker  column  and  will  resist 
heat  better.  The  fire  test  of  wrought  iron  and  cast  iron  shows  the 
wrought-iron  column  to  fail  in  less  than  half  the  time  of  a cast-iron 
column.  This  is  a very  important  consideration  in  building  con- 
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Mr.  Seaman,  struction.  The  greatest  danger  from  the  use  of  cast-iron  columns 
arises  from  lack  of  proper  inspection.  It  is  important  that  the  test 
holes  be  drilled  in  the  bottom  and  top  of  the  column  as  it  is  cast, 
because  if  the  core  shifts  it  usually  rises.  When  holes  are  drilled  in 
the  sides,  they  fail  to  reveal  this  defect,  and  many  columns  are 
accepted,  in  which  the  core  has  shifted. 

Mr.  strachan.  Mr.  R.  C.  Strachan. — Mr.  President,  my  objections  may  be 
summed  up  in  just  this — that,  however  good  some  cast-iron  columns 
may  be,  we  do  not  know  in  general  whether  they  are  good  or  not,  and  so 
cannot  design  intelligently,  because,  in  order  to  design  intelligently, 
we  must  know  what  the  material  is  doing  and  be  well  satisfied  that 
our  calculations  will  be  carried  out  in  fact. 

The  President.  The  Pbesident. — Is  the  only  defect  you  have  got  to  look  out  for 

the  floating  core? 

Mr.  Strachan.  Mr.  R.  C.  Strachan, — No.  You  must  also  be  sure  that  there  has 
been  no  unequal  cooling.  There  may  be  unequal  cooling  without 
shifting  of  the  core. 

Mr.  Tdison.  Mr.  George  W.  Tillson. — I would  like  to  ask  Mr.  Seaman  if  he 
considers  it  just  as  easy  to  properly  inspect  a cast-iron  column  as  one 
of  wrought  iron.  I had  a little  experience  a long  time  ago  in  the  con- 
struction of  buildings,  and  it  was  found  then  almost  impossible  to 
tell  whether  a cast-iron  column  was  free  from  defects  or  not  before  it 
was  used,  and  practically  the  only  way  to  be  sure  of  it  was  to  put  on 
the  needed  pressure  and  give  it  the  actual  test.  In  addition  to  the 
danger  of  the  shifting  core  and  unequal  cooling  there  might  be  some 
blow-holes  on  the  inside  that  could  not  be  detected,  and  some  defects 
in  the  casting  that  would  not  show,  except  on  a very  thorough  and 
competent  inspection.  For  these  reasons  it  was  considered  unsafe, 
and  there  wasn’t  the  certainty  about  using  cast  iron  as  there  was  in 
using  wrought  iron. 

Mr.  Seaman.  Mr.  Henry  B.  Seaman. — There  is  no  certainty  about  it.  That  is 
the  reason  we  use  the  higher  factor  of  safety.  A wrought-iron  column 
is  built  up  in  detail,  each  plate  is  inspected,  and  for  that  reason  you 
cannot  inspect  the  cast-iron  column  as  thoroughly  as  you  can  the 
wrought-iron  column.  In  regard  to  tensile  strains,  eccentric  loading 
does  not  necessarily  cause  tensile  strain.  The  increase  of  compressive 
strain  on  the  near  side,  or  the  decrease  on  the  far  side,  is  a matter  of 
calculation. 

Mr.  Strachan.  Mr.  R.  C.  Strachan. — I think,  Mr.  President,  that  what  I said  still 
holds  good,  that  the  objection  to  the  promiscuous  use  of  cast-iron 
columns  lies  in  the  fact  that  we  cannot  design  intelligently. 

Mr.  Orrok.  Mr.  G.  A.  Orrok. — At  one  time  I had  a little  experience  in  cast- 
iron  columns.  I had  to  design  a good  many  of  them,  but  I believe  in 
using  them  as  little  as  possible.  I used  to  make  water  pipe  once  on  a 
time.  We  made  water  pipe  up  to  36  ins.  in  diameter,  and  I know  how 
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hard  it  is  to  get  the  core  to  stay  in  place.  Many  pipes  are  thrown  Mr.  Orrok. 
ont  in  the  foundry  after  inspection.  Those  pipes  are  cast  on  end. 

Every  care  is  used  to  ensure  good  casting;  the  mold  is  made  properly , 
they  are  all  dried,  and  everything  is  arranged  so  that  you  get  the  very 
best  results,  but  even  then  the  core  shifts.  1 have  never  known  of  a 
foundry  that  would  not  average  5%  of  rejected  pipe.  Now,  if  that 
is  true  of  pipes  with  all  the  care  that  is  exercised,  what  must  be  said 
of  cast-iron  columns  usually  cast  on  the  side.  Where  there  is  one 
cast-iron  column  cast  on  end  there  are  a hundred  cast  on  the  side.  If 
you  could  bore  holes  every  3 ins.  all  through  your  column  you  might 
possibly  inspect  that  column  properly.  I usually  went  all  over  the 
column  to  find  out  whether  it  was  the  same  thickness  all  the  way 
around.  Another  point  I wish  to  call  attention  to.  You  may  have 
a cheap  laborer  and  perhaps  his  attention  is  called  away  and  a lot  of 
ashes  and  cinders  get  into  the  center  of  the  column  that  you  don’t 
know  anything  about.  I don’t  think  a cast-iron  column  can  be 
depended  upon  above  6 ft. 

Mr.  Henry  B.  Seaman. — The  cinders  will  usually  come  to  the  sur-  Mr.  Seaman, 
face. 

The  President. — It  suggests  itself  to  me  that  the  possibility  of  a The  President, 
thorough  test  with  water  pipe  is  very  much  more  feasible  than  it  is 
with  any  kind  of  a column. 

Mr.  Henry  B.  Seaman. — All  columns  are  drilled;  water  pipe  is  not.  Mr.  Seaman. 

Mr.  G.  A.  Orrok.  — There  is  still  one  other  point.  You  can  have  a Mr.  Orrok. 
chemical  test  of  the  metal  that  goes  into  your  columns,  and  can  esti- 
mate its  value.  Sometimes  good  scrap  is  used  and  sometimes  bad 
scrap. 

Mr.  J.  C.  Meem.— I find  in  the  proposed  New  York  Building  De-  Mr.  Meem. 
partment  laws,  as  just  revised  and  published,  that  the  specifications 
for  Portland  cement  are,  solely,  that  it  shall  stand  a tensile  stress  of 
120  lbs.  per  square  inch  after  twenty-four  hours  in  air,  and  300  lbs. 
per  square  inch  after  twenty-four  hours  in  air  and  six  days  in  water. 

I do  not  consider  this  a satisfactory  definition  for  Portland  cement, 
as  a natural  cement  might,  and  doubtless  could,  be  found  to  comply 
with  these  specifications,  in  which  case  it  could  be  substituted  for 
Portland  cemeiit,  with,  perhaps,  disastrous  results,  especially  if  the 
work  was  under  water,  or  of  any  other  class  requiring  true  Portland 
cement. 

Mr.  R.  C.  Strachan.  — I think  that  is  rather  a high  tensile  strain  to  Mr.  Strachan. 
call  for  in  Portland  cement;  100  lbs.  in  twenty-four  hours  is  looked  on 
as  very  good.  The  question  of  cement  will  be  more  important  in  case 
this  code  becomes  a law.  One  type  of  floor  for  which  very  strong 
efforts  have  been  made  in  New  York  is  the  expanded  metal  floor,  which 
consists  of  a metal  mesh,  formed  of  a plate  cut  in  a certain  way,  the 
jneshes  being  filled  with  concrete.  Now,  a floor  formed  in  this  way, 
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Mr.  Strachan.  with  about  3 ins.  of  concrete,  has  been  tested  to  over  2 000  lbs.  to  the 
square  foot,  the  resultant  distortion  being,  of  course,  permanent. 
The  question  of  cement,  therefore,  in  the  new  regulations  will  be 
much  more  important  than  it  was  in  the  old,  as  such  floors  heretofore 
have  not  been  allowed  at  all. 

The  President.  The  Pkesident. — Did  I understand  the  author  to  say  in  his  paper 
that  a floor  could  not  be  built  of  concrete,  except  with  bricks? 

Mr.  strachan.  Mr.  R.  C.  Strachan. — That  has  been  the  ruling  of  the  Department. 

The  President.  The  President. — A monolithic  arch  couldn't  be  built  of  concrete? 

Mr.  Strachan.  Mr.  R.  C.  Strachan. — It  wasn’t  allowed  in  New  York  City.  The 
preference  always  was  for  a hollow  brick  arch  covered  with  concrete. 
The  makers  of  different  floors  have  tried  to  introduce  some  that  are 
much  superior  to  the  hollow  brick  form,  and  have  shown  by  tests  that 
these  floors *were  fully  capable  of  sustaining  everything  they  would  be 
called  upon  to  sustain,  but  they  have  not  been  allowed  to  use  them. 

The  President.  The  President. — Then  a solid  concrete  arch  between  beams,  with- 

out any  dependence  on  expanded  metal,  or  wire  mesh  was  not  allowed? 

Mr.  Strachan.  Mr.  R.  C.  STRACHAN. — No,  sir. 

The  President.  The  President. — Is  there  a valid  objection  to  that? 

Mr.  Strachan.  Mr.  R.  C.  Strachan. — There  is  no  valid  objection  to  any  form  of 
floor  which  shows  under  a test  that  it  will  hold  what  it  will  be  called 
upon  to  hold.  Notwithstanding  such  tests,  the  department  has  always 
preferred  one  form  of  floor. 

The  new  code,  I think,  is  also  superior  in  its  method  on  the  subject 
of  cast-iron  columns,  assuming  that  cast-iron  columns  might  some- 
times be  used  advantageously.  The  new  code,  instead  of  saying  in  a 
general  way,  that  we  must  use  Gordon’s  formula,  states  what  load  per 
square  inch  to  allow  on  a column  of  given  length  and  diameter.  That, 
of  course,  takes  away  all  ambiguity. 

Mr.  Tillson.  Mr.  George  W.  Tillson. — I think  it  is  best  in  specifying  tests  for 
cement,  not  to  require  a cement  to  show  a certain  strength  in  twenty- 
four  hours,  and  then  a certain  strength  in  a week,  but  to  say  that  if  it 
sustains  a certain  amount  in  twenty-four  hours  it  must  sustain  a per- 
centage amount  in  seven  days.  That  is,  make  the  seven- day  test 
dependent  on  the  twenty-four  hour  test  to  a certain  extent. 

I am  sorry  I haven’t  the  figures,  but  I saw,  a short  time  ago,  a 
statement  made  in  the  journal  of  an  engineering  society,  where  a man 
gave  his  experience  in  some  cements  that  he  had  accepted  and  rejected 
on  a week  or  thirty-day  test.  He  continued  his  tests  for  a year  and 
found  that  the  cements  which  he  had  rejected  on  the  result  of  his 
thirty-day  tests  were  very  much  stronger  at  the  end  of  the  year  than  the 
cements  which  were  accepted.  He  found  that  his  thirty-day  tests  did 
not  amount  to  anything,  and  that,  I imagine,  is  the  experience  of 
almost  every  engineer — that  you  cannot  tell  anything  about  a test  of 
cement  for  thirty  days,  or  three  months  even,  if  you  know  nothing 
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about  the  cement.  You  must  have  a longer  test,  at  least  a year  to  get  Mr.  Tiilson. 
any  result  that  is  of  any  value  whatever. 

Mr.  E.  C.  Strachan. — The  photograph  which  I have  here  may  be  of  Mr.  Strachan. 
interest.  It  shows  a floor  made  with  expanded  metal  and  concrete, 
supporting  a load  of  2 300  lbs.  per  square  foot.  The  introduction  of 
this  style  of  construction  in  the  building  of  floors  will  lead  to  a great 
lightening  in  the  skeleton.  If  we  can  make  floors  weighing  30  lbs.  per 
square  foot,  where  we  have  been  accustomed  to  have  80  lbs.,  we  shall 
save  a great  deal  on  the  skeleton,  and  have  just  as  good  a building 
when  we  get  through. 

The  President. — I think  the  last  remark  will  apply  to  highway  The  President, 
bridge  construction  where  solid  floors  are  put  in  to  carry  paving.  It 
would  lighten  the  weight  of  the  substructure. 

Mr.  Henry  B.  Seaman. — .The  matter  of  patents  is  of  the  greatest  Mr.  Seaman, 
interest  to  the  general  practice  of  engineering  at  present,  and  if  these 
patents  are  of  no  value,  the  profession  wants  to  know  it.  There  is  a 
house  in  Port  Chester  belonging  to  Mr.  Wm.  E.  Ward,  which  was 
built  about  thirty  years  ago  of  iron  and  concrete.  The  entire  house 
is  a monolith. 

The  President. — I have  heard  there  is  a bridge  in  Prospect  Park  The  President, 
that  is  partly  of  iron  and  partly  of  concrete,  and  built  according  to 
some  system  entirely  different  from  anything  we  have  been  talking 
about.  The  same  man  built  it  that  built  the  old  fountain  at  the 
Plaza.  The  bridge  I refer  to  was  built  to  take  the  place  of  the  old 
wooden  bridge  near  the  well.  Does  anybody  know  anything  about  its 
construction?  I am  sure  the  ribs  are  of  wrought  iron. 

Mr.  W.  S.  Tuttle.— I do  not  know  that  I can  add  anything  to  the  Mr.  Tuttle, 
discussion.  I know  there  is  a great  deal  of  uncertainty  in  castings, 
the  blow  holes  and  other  defects  that  have  already  been  mentioned. 

There  is  one  feature  about  cast  iron  that  might  be  considered.  That 
is  its  durability  and  freeness  from  oxidation.  Cast-iron  columns  all 
have  a skin  of  oxide  of  iron  or  silica  or  something  of  that  kind  on  the 
outside  which  protects  the  metal  very  much,  and  it  is  a question 
whether  the  cast-iron  column  wouldn’t  be  more  durable  than  the 
wrought-iron  column. 

Mr.  George  W.  Tillson. — Speaking  of  oxidation,  Mr.  President,  Mr.  Tiilson. 
reminds  me  of  what  I saw  last  week.  I spent  last  Eriday  driving  over 
Eochester,  and  one  of  the  visits  we  made  was  to  an  iron  bridge  over 
the  New  York  Central  tracks  that  had  been  built  seven  years.  They 
were  repainting  it,  and  on  a girder  that  had  been  painted  and  boxed 
in,  the  foreman  showed  a scale  that  he  had  taken  from  this  girder  that 
probably  had  an  area  of  50  or  60  sq.  ins.  and  was  | in.  thick.  He  had 
a good  many  more,  but  that  was  the  largest.  That  was  a girder  that 
had  been  boxed  in  with  wood,  had  been  painted,  and  had  only  been  up 
seven  years. 
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Mr.  Tuttle.  Mr.  W.  S.  Tuttle.  — In  that  same  connection  we  had  some  truck 
scales,  and  beneath  the  platform  there  were  a number  of  wrought-iron 
rods.  When  it  became  necessary  to  repair  the  scales  we  found  the 
rods,  which  were  3 or  4 ins.  in  diameter,  were  nearly  half  gone.  The 
scale  had  crumbled  right  from  the  surface  and  seemed  to  have  run  in 
lines,  as  though  the  cinder,  or  whatever  it  was,  in  making  up  the 
wrought  iron,  had  crumbled  out.  The  castings  were  comparatively 
perfect,  with  but  little  rust  on  them. 

Mr.  Seaman.  Mr.  Heney  B.  Seaman. — A rust  scale  | in.  thick  does  not  mean  the 
taking  off  of  | in.  of  the  metal.  In  regard  to  the  corrosion  of  wrought 
and  cast  iron,  I would  like  to  endorse  what  the  last  speaker  said. 
With  respect  to  corrosion  of  wrought  iron  in  buildings  it  is  pretty 
well  known  that  iron  encased  with  concrete  is  thoroughly  protected, 
but  even  where  it  is  merely  protected  from  the  outside  weather  it  also 
seems  well  protected. 

While  on  the  Erie  Bailroad  in  1891,  I was  instructed  to  make  a test 
of  the  Phoenix  columns  in  the  Kinzua  Viaduct,  to  ascertain  the  extent 
of  the  rust  upon  the  inside  of  the  columns.  I had  a piece  cut  out  of 
the  lower  end  of  one  of  the  longest  columns  of  the  viaduct  and  on  the 
inside  so  that,  if  there  were  any  water  in  it,  it  would  flow  down  at  that 
point.  The  metal  was  entirely  free  from  rust,  and  with  the  fresh  luster 
of  newly  rolled  iron. 

Mr.  Provost.  Mr.  A.  J.  Pbovost,  Jr. — In  connection  with  floor  construction,  I 
saw  a floor  recently,  and  one  of  the  details  struck  me  as  being  rather 
peculiar.  It  was  constructed  of  20-in.  steel  beams,  arches  of  hollow 
tiles  with  filling  material  of  cinders  which  were  covered  on  top  with  3 
or  4 ins.  of  Portland  cement.  The  curious  thing  to  me  was  that,  in 
laying  the  cinders,  they  had  mixed  them  with  Portland  cement,  4 parts 
of  cinders  and  1 part  of  cement.  The  cinders  were  about  8 ins.  over 
the  tops  of  the  hollow  tiles.  I did  not  see  any  reason  for  uniting 
them  with  cement.  I would  like  to  ask  if  that  is  a common  mode  of 
construction. 

Mr.  Strachan.  Mr.  R.  C.  Steachan.  — That  is  the  usual  way  of  making  concrete 
floors.  The  cinder  concrete  makes  a lighter  floor.  Where  20-in.  beams 
are  used,  the  weight  would  not  be  much  less  than  90  lbs.  to  the  square 
inch,  even  with  cinder  concrete. 
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Just  as  other  methods  of  lighting  have  been  making  gratifying  and 
even  radical  progress,  gas  lighting  has  also  developed  and  left  the 
groove  in  which  it  had  run  for  three-quarters  of  a century.  As  a con- 
sequence its  importance  is  increasing  and  its  place  among  the  so-called 
public  utilities  is  being  regarded  more  and  more  every  day  as  not  only 
fixed,  but  as  a necessity  for  public  comfort  and  happiness.  There  are 
about  one  thousand  operating  gas  companies  in  the  United  States 
having  a capitalization,  each,  ranging  from  $20  000  to  $60  000  000  and 
delivering  about  60  000  000  000  cu.  ft.  of  gas  at  an  average  price  of 
probably  $1.60  per  1 000  cu.  ft.  This  means  the  consumption  by  the 
gas  works  of  about  4 000  000  tons  of  coal  and  252  000  000  galls,  of  oil 
for  illuminating  gas  alone.  The  gas  engineer  is  not  as  yet  dignified 
by  a degree.  Chemists,  mechanical  and  civil  engineers  drift  into  the 
profession  because  it  is  a paying  business  and  are  thereafter  known  as 
gas  engineers,  but  superintendents  and  managers  often  appropriate 
the  same  title.  It  is  to  be  regretted  that  colleges  do  not  offer  a dis- 
tinct course  instead  of  relegating  it  to  one  corner  of  industrial 
chemistry,  and  we  are  glad  to  see  that  there  is  the  indication  of  a 
movement  in  this  direction.  There  are  ten  associations  of  these  gas 
engineers  distributed  from  San  Francisco  to  Boston,  holding  annual 
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meetings,  many  publishing  proceedings,  and  their  interests  are  looked 
after  by  two  gas  journals. 

Progress  was  slow  until  the  advent  of  water  gas,  which  at  first  was 
received  with  open  hostility,  but  now  furnishes  nearly  three- fourths  of 
the  output  of  gas.  Coal  gas  is  made  by  heating  bituminous  coal  to  a 
bright  red  in  a closed  retort  and  thus  driving  off  the  volatile  portion. 
In  water  gas  manufacture,  steam  is  blown  through  red  hot  coke  or 
anthracite  and  a mixture  of  hydrogen  gas  and  carbon  monoxide  pro- 
duced. These  are  the  gases  sold  to-day  for  lighting  purposes.  To  a 
very  much  smaller  degree,  oil  gas,  and  gas  made  from  wood,  rosin, 
gasoline,  etc.,  are  used,  and  acetylene  has  still  to  demonstrate  its  value 
for  extended  application. 

For  metallurgical  heating  the  various  forms  of  producer  gases  are 
employed,  although  water  gas,  uncarburetted,  is  entering  the  field 
quite  rapidly.  Natural  gas,  probably  derived  from  the  metamorphic 
carbonization  of  carboniferous  deposits,  has  a high  heating  value,  1 000 
B.  T.  U.  per  cubic  foot,  consists  principally  of  marsh  gas,  and  is  exten- 
sively used  about  Pittsburg  and  through  Ohio  and  Indiana  for  that 
purpose,  although  a great  deal  of  lightingin  connection  with  Welsbach 
burners  is  also  done  with  it.  It  is  with  coal  gas  and  water  gas,  how- 
ever, that  we  are  principally  concerned.  Both  must  be  enriched  or 
carburetted  by  adding  oil  vaporized  at  such  a high  temperature  as  to 
become  fixed  gases.  By  this  means  the  former  is  increased  from  about 
15  to  22  C.-P.,  and  the  latter  from  a very  slightly  luminous  flame  to 
one  of  25  to  30  C.-P. 

The  luminosity  of  a hydrocarbon  gas,  according  to  the  latest  theory 
advanced,  depends  upon  the  incandescence  of  free  carbon  in  the  flame. 
As  the  gas  issues  from  an  orifice  it  is  heated  more  and  more  and  begins 
to  lose  its  hydrogen,  going  from  marsh  gas  (C  H4)  in  successive  stages 
through  acetylene  (C2  H2)  into  free  carbon  and  free  hydrogen.  The  latter 
burns  with  a non-illuminating  but  intensely  hot  flame,  which,  in  addi- 
tion to  the  heat  produced  by  the  combustion  of  C O,  raises  the  tempera- 
ture of  the  free  carbon  to  incandescence,  where  it  remains  until  it 
comes  in  contact  with  oxygen  of  the  air  and  is  converted  into  C 02. 
An  appreciation  of  this  fact  will  lead  to  the  understanding  of  many 
phenomena  connected  with  flames.  In  order  that  a flame  shall  be 
luminous  it  must  contain  hydrocarbons;  and  the  more  concentrated 
they  are  in  carbon,  the  brighter  will  be  the  flame  and  also  the  greater 
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their  tendency  to  form  soot.  A non-luminous  water  gas  flame  or  a 
slightly  luminous  coal  gas  flame  may  thus  be  rendered  bright  by  the 
addition  of  hydrocarbons  in  the  form  of  oil  vapor,  naphtha,  benzine, 
acetylene,  etc.,  or  the  candle-power  of  a rich  hydrocarbon  gas  may  be 
reduced  with  more  or  less  success  by  adding  a non-luminous  gas. 

Coal  Gas. 

It  is  about  one  hundred  years  since  coal  gas  was  used  for  com- 
mercial lighting.  Its  first  use  was  by  practical  men,  and  it  really  never 
has  occupied  much  scientific  attention.  The  process  of  carboniza- 
tion is  so  simple  that  it  does  not  appeal  to  the  intricacy-loving  scien- 
tific mind.  The  cast-iron  retorts  first  used  have  been  abandoned  long- 
ago,  but  the  method  of  heating  them,  and  conducting  and  treating 
the  gas,  has  changed  only  in  details.  The  gas  is  still  cooled  to  remove 
tar  and  heavy  oils,  washed  by  water  to  remove  light  oils  and  am- 
monia, and  passed  through  beds  of  oxidized  iron  or  iron  ore  to  remove 
sulphur  compounds,  although  lime  is  sometimes  used  for  this  pur- 
pose. Improvements  have  been  attempted  in  the  construction  of  the 
benches,  however.  The  possible  saving  of  heat  by  regenerative  cham- 
bers and  recuperators  was  discussed  and  some  plants  put  up,  but  it 
was  found  that  the  expense  of  construction  and  repairs  and  other 
inconveniences  more  than  offset  the  saving  of  fuel  effected.  The  labor 
of  withdrawing  red-hot  coke  from  the  retorts  and  recharging  with 
coal  is  severe,  and  inclined  retorts  were  devised  to  make  gravity  do 
the  work.  Such  inclined  retorts  are  used  extensively  in  Europe;  one 
example  in  this  country  seems  neither  to  arouse  interest  nor  comment, 
although  the  question  is  occasionally  agitated.  Eig.  1 will  give  a 
general  idea  of  the  construction  of  this  system  as  installed  in  England. 
The  coal  falls  from  the  car  into  a hopper  A,  passes  over  a grating  G 
to  the  coal  breaker  D,  and  mixes  with  the  fine  coal  passing  through  G, 
is  elevated  by  Z to  a hopper  M,  falls  into  a measuring  pocket  N 
holding  one  retort  charge,  drops  through  the  chute  0 into  the  20-ft. 
fire-clay  retort.  After  carbonizing,  the  stop  is  removed  and  the  coke 
runs  out,  falling  into  the  car  below  through  TJ , and  is  quenched  by 
the  water  spray  V.  It  is  then  dumped  into  an  elevator  hopper  and 
hoisted  to  the  conveyor  and  storage  bin  S,  from  whence  it  is  dis- 
charged into  cars  as  desired.  The  reason  why  it  has  not  received  more 
attention  here  is  because  most  new  works  install  water  gas  apparatus. 
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The  Bronwer  conveyor,  designed  to  remove  coke  after  drawing  it 
from  the  retort  by  hand,  is  attracting  attention.  A flight  conveyor 
passes  before  the  retorts  through  a trough,  as  shown  in  Fig.  2,  drawing 
the  red-hot  coke  along  through  a current  of  water  going  in  the  other 
direction,  and  discharging  it  into  another  lateral  conveyor  in  the  coke 
yard.  It  may  be  crushed  at  once,  if  desired,  by  switching  into  the 
chute  shown. 

The  Consolidated  Gas  Light  Company  of  New  York  City  has  had 
mechanical  coal  chargers  and  coke  drawers  in  successful  operation  for 
several  years.  The  coke  drawer  is  shown  in  Fig.  3.  A steam  boiler 
is  mounted  on  a traveling  carriage  and  furnishes  steam  for  propul- 
sion and  for  operating  the  three  scrapers.  Although  the  workmen 
would  run  the  machine  off  the  track  at  first,  they  soon  became  recon- 
ciled to  this  labor  saver,  and  would  now  be  just  as  opposed  to  going 
back  to  the  old  hand  system  of  charging  and  drawing.  Such  mechan- 
ical devices  as  used  in  Europe  do  not  seem  to  give  the  same  satisfac- 
tion; some  operate  by  hydraulic  pressure,  rope  transmission,  com- 
pressed air,  etc.,  etc. 

Retorts  are  of  fireclay  and  hold  nearly  a quarter  of  a ton  of  coal, 
are  of  Q section,  and  2 ins.  thick.  Improved  conveyors,  works  rail- 
ways and  similar  appliances  are  being  now  used  wherever  possible, 
showing  the  influence  of  a few  enterprising  construction  firms.  The 
condenser  now  mostly  used  is  of  the  tubular  type,  resembling  an 
upright  tubular  boiler,  filled  with  water,  the  gas  passing  through  the 
tubes.  Washers  are  vertical  vessels  filled  with  a checker-work  of 
square  wooden  slats  crossing  each  other  and  constantly  covered  with 
water  dripping  from  above.  There  has  been  no  recent  improvement 
in  purifier  outside  the  idea  of  placing  one  bed  above  the  other  instead 
of  beside  it,  to  save  floor  space. 

Gas  holders  are  now  made  of  steel  entirely,  on  lines  similar  to 
those  employed  in  bridge  and  truss  construction.  The  tank  for 
small  holders  has  been  made  recently  of  cement  concrete,  although 
steel  seems  to  be  more  in  demand.  When  the  tank  is  made  of  brick 
or  concrete,  it  furnishes  a foundation  for  the  guide  framing,  while  a 
steel  tank  does  not  answer  that  purpose  so  well,  as  evidenced  by  the 
collapse  of  the  holder  in  New  York  just  as  it  was  completed.  This 
tank  was  178  ft.  in  diameter  and  42  ft.  high.  Its  walls  were  made  of 
plates  varying  from  1.5  ins.  thick  below  to  £ in.  thick  above,  and  yet 


Fra.  3. — Mechanical  Drawer  for  Gas  Coke. 


Fra.  4.— Pintsch  Gas  Plant,  Exterior  View. 
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Fig.  5.— Arrangement  of  Apparatus  in  the  Pintsch  Gas  Plant  of  the  Manhattan  Elevated  Railroad. 
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tlie  entire  superstructure  rested  upon  it  alone.  A lattice  coping 
crowned  the  edge  and  under  each  column  was  a bracket  reaching  to 
within  three  plates  of  the  bottom.  For  no  reason  that  was  apparent, 
the  entire  superstructure  toppled  over  to  one  side,  the  side  of  the  tank 
opened  outward  and  in  less  than  a minute  the  entire  structure  was  a 
confusion  of  twisted  shapes  and  torn  and  broken  plates,  for  the  heavy- 
plates  were  broken,  not  torn.  The  question  arises  as  to  whether 
there  is  not  a limit  to  increasing  size  proportionally  of  standard 
designs.  What  may  answer  for  a small  holder  may  need  modification 
for  larger  sizes.  The  thick  plates  were  decidedly  brittle  and  were  not 
good  material  for  the  purpose.  Two  facts  are  forced  upon  our  notice 
by  this  fatal  disaster;  the  first  is  that  the  sides  of  tanks  of  large 
diameter  do  not  make  secure  foundations  for  superstructures,  and  the 
second  emphasizes  the  necessity  for  thorough  inspection  of  all  mate- 
rial entering  into  such  work. 

Oil  Gas. 

It  has  happened  in  a few  cases  where  oil  was  cheaper  than  coal  so 
that  vaporized  crude  petroleum  was  used  for  city  lighting;  but  higher 
prices  for  oil  have  sadly  discouraged  the  practice.  The  Pintsch 
system  of  using  compressed  oil  gas  for  car  lighting  is,  however,  of 
some  importance.  Cast-iron  retorts  externally  heated  were  generally 
used  to  vaporize  oil,,  but  the  plant  put  up  at  One  Hundred  and  Fifty- 
ninth  Street,  New  York  City,  for  the  Manhattan  Elevated  Railroad  in 
the  summer  of  1897  departed  from  this  practice  and  adopted  fire  clay 
retorts.  As  shown  in  Fig  4,  it  is  a neat  little  plant,  but  the  largest 
of  its  kind  (outside  regular  gas  works)  then  built,  supplying  daily  1 100 
cars  and  having  a capacity  of  150  000  cu.  ft.  per  24  hours.  The  oil  gas 
mains  are  11  miles  in  total  length,  2 ins.  in  diameter  and  carry  gas 
under  14  atmospheres  pressure.  There  are  about  40  such  plants  in  the 
United  States.  Fig.  5 gives  a general  idea  of  the  arrangement  of 
apparatus.  The  oil  pipe  passes  into  the  retort  and  returns  to  near  its 
entrance,  by  which  time  the  oil  is  converted  into  a vapor  and  passes 
forward  in  the  highly  heated  retort.  It  is  thus  turned  into  a fixed  gas 
that  condenses  very  little,  and  passes  out  at  the  outlet  end  to  the 
hydraulic  main  (half  filled  with  water)  through  the  condenser, 
exhauster  or  gas  pump,  washer,  purifier  meter,  to  the  holder  where  it 
is  stored.  Some  of  the  interesting  features  are  the  regulation  of  oil 
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supply,  the  close  regulation  of  pressure  in  the  retorts  and  the  com- 
pression and  storing  of  gas  subsequent  to  its  removal  from  the  holder. 

Coke  Oven  Gas. 

Experiments  had  been  in  progress  several  years  at  Johnstown  and 
Glassport,  Pa.,  for  the  utilization  of  gases  resulting  from  the  coking 
of  coal  before  results  justified  extensive  application  of  the  idea.  The 
large  plant  at  Everett  near  Boston,  Mass.,  which  is  expected  to  supply 
the  whole  of  Boston  with  gas  for  light,  heat  and  power  is  the  result  of 
these  experiments.  It  is  nearly  ready  to  supply  gas,  and  is  probably 
the  most  radical  step  in  the  gas  business  that  has  occurred  for  some 
years.  As  shown  in  Fig.  6 the  works  are  extensive.  Cheap  but 
good  coking  coal  is  obtained  from  the  Dominion  Coal  Company’s 
mines,  in  Nova  Scotia,  and  brought  in  vessels  to  the  dock,  unloaded 
into  either  the  6 000-ton  storage  bin  or  on  cable  cars  running  over 
elevated  tracks  to  the  2 000-ton  bins  over  the  ovens,  or  to  the  yard 
beyond  of  80  000  tons  storage  capacity.  There  are  eight  batteries  of 
fifty  retorts  each.  The  retorts  are  33  ft.  long,  6 ft.  high  and  18  ins. 
wide,  holding  about  6 net  tons  each  in  striking  contrast  to  the 
ordinary  gas  works  retort  of  400  to  500  lbs.  capacity.  As  seen  in 
Fig.  7 they  are  charged  by  cars  running  along  the  top  from  the 
two  2 000-ton  bins,  through  A,  the  coal  is  leveled  through  a hole  B in 
the  door  G.  After  coking,  the  doors  at  both  ends  are  removed,  while 
the  pusher,  electrically  operated  as  is  all  other  machinery  about  the 
ovens,  shoves  the  entire  charge  from  the  retort  into  the  quenching 
car  i from  which  it  is  dumped  into  the  specially  constructed  railway 
car. 

During  the  first  half  of  the  coking  period  the  gas  is  rich  and  is 
used  for  lighting,  while  the  last  fraction  is  used  for  heating  the  ovens. 
After  passing  through  the  condensers  and  washers  it  goes  back 
through  the  fuel  main  H into  the  gas  flue  under  the  retort.  Through 
a tweer  into  the  air  ports  Q comes  the  current  of  hot  air  from  the 
regenerators  W,  and  both  pass  together  through  the  narrow  flues 
R'  into  the  top  flue  T',  thence  to  the  other  side  of  the  oven,  down 
similar  flues  through  the  other  regenerator,  through  the  flue  M and 
out  of  the  stack.  When  the  valves  are  reversed,  the  current  passes 
the  opposite  direction.  The  regenerators  save,  it  is  claimed,  about 
1 300  cu.  ft.  of  gas  per  ton  carbonized.  The  pusher  and  loader  travel 


Fig.  7. — Cross-Section  of  Otto-Hoffman  Oven  at  Everett. 
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on  rails  along  the  side  of  the  batteries.  The  equalization  of  pressure 
in  the  retort  and  waste  gas  flues  is  done  automatically,  so  that  no 
waste  gases  at  any  time  can  enter  the  retort. 

After  leaving  the  retorts  and  dry  main,  in  which  the  tar  pots 
collect  some  tar,  the  gas  passes  through  the  spray  washers,  which 
effectually  remove  most  of  the  remaining  tar;  then  through  tubular 
condensers,  tar  scrubbers,  exhausters  of  the  Connersville  blower 
type,  coolers  to  remove  the  temperature  due  to  compression,  through 
the  bell  washers  which  remove  the  ammonia.  Here  the  rich  gas  goes 
to  the  purifying  house,  and  the  5 000  000  cu.  ft.  holder,  thence 
through  the  two  42-in.  mains  of  the  Massachusetts  Pipe  Line  Com- 
pany to  Boston,  while  the  lean  gas  is  collected  in  a smaller  holder  of 
50  000  cu.  ft.  capacity,  and  goes  back  to  heat  the  retorts.  The  lean 
gas  has  two  sets  of  washing  and  condensing  apparatus  devoted  to  it, 
while  the  city  gas  has  three  sets.  The  by-products  of  the  plant  per 


long  ton  of  coal  were  found  to  be  by  weight : 

Pounds.  Weight,  per  cent. 

Coke 1 593.4  71.13 

Tar 75.7  3.38 

Ammonia  (137%  sulphate) 7.6  0.34 

Gas,  total  (10  390  cu.  ft.  of  0.466  sp.  g.).  368.0  16.43 

H2  S (0.98  lb.  per  1 000  cu.  ft.) 10.8  0.48 

C S2  (0.13  lb.  per  1 000  cu.  ft.) 1.6  0.07 

Gas,  liquor  and  loss 182.9  8.17 


2 240  100 

About  2 000  tons  can  be, coked  in  the  400  retorts  per  day,  and  one 
charge  requires  twenty-four  to  thirty  hours.  The  coke  is  expected  to 
replace  coal  for  most  purposes,  as  it  can  be  sold  cheaper  and  is 
smokeless  fuel.  The  tar  is  already  contracted  for  by  a roofing  paper 
factory.  The  ammonia  has  a field  among  fertilizers,  and  the  surplus 
gas  is  also  contracted  for  as  soon  as  it  can  be  supplied. 

This  coal  has  a heat  value  of  1 243.7  B.  T.  U.,  and  makes  half  rich 
and  half  lean  gas. 

Rich  Gag.  Lean  Gas. 


Calorific  value,  B.  T.  U.  per  cubic  foot .....  685 . 8 566 . 7 

Average  candle-power 14.7  9.0 

Specific  gravity  . ..  0.512  0.421 
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Before  being  sent  to  the  consumer  it  will  be  further  enriched  to 
probably  18  C.-P.  or  more,  although  recent  results  led  to  the  belief 
that  no  enriching  will  be  necessary.  Dr.  Schnilwind  compares  the 
process  with  other  gas-making  processes  with  regard  to  the  heat 
utililized  of  the  fuel  employed,  and  finds: 


Carburetted  water  gas 

PaqI  a oTinrl  

70.0% 

72. 9% 

VjUdil  gctbj  gouu.  piaDllDU.  . ' • • • 

PaqI  a’qq  linni' 

68. 8% 

VjUal  gd)Oj  puui  piaiDiiDv 

Otto-Hoffman  ovens 

This  speaks  well  for  the  system  of  economies  practiced  in  the 
process.  Dr.  Carl  Schmidt  recently  took  up  the  discussion  of  this 
question  in  a German  gas  journal  and  showed  the  relative  proportion 
of  gases  given  off  during  carbonization  (Fig.  8). 

As  the  candle-power  of  hydrogen  and  marsh  gas  is  nil,  and  nitrogen 
and  C 02  are  not  combustible,  the  luminosity  of  the  flame  depends  to 
some  extent  upon  C O,  which  is  quite  constant,  but  more  upon  the 
illuminating  hydrocarbons,  which  quite  rapidly  decrease,  and  the 
candle-power  goes  with  them.  That  is  why  a 15  C.-P.  gas  was 
obtained  during  the  first  half  and  a 9 C.-P.  during  the  latter 
half  of  the  coking  period.  This  plant  is  a novelty,  and,  as  an  engi- 
neering feat,  is  carried  out  on  a scale  and  a degree  of  confidence  in 
scientific  principles  that  compels  admiration.  The  method,  however, 
is  not  applicable  everywhere,  as  it  is  at  Boston,  and  is  therefore  not 
apt  to  be  revolutionary. 

Watek  Gas. 

The  improvements  in  water  gas  manufacture  have  been  principally 
in  small  but  important  details  of  the  apparatus.  The  Lowe  apparatus 
is  extensively  used,  and  there  is  now  installed,  it  is  claimed,  apparatus 
of  this  type  having  a daily  capacity  of  over  200  000  000  cu.  ft.  It  is 
made  by  firms  having  ample  capital  and  engineering  ability.  If  the 
price  of  oil,  of  which  4.5  to  5 galls,  is  used  for  every  1 000  cu.  ft.  of 
gas  made,  increases,  some  change  may  result  in  the  relative  positions 
of  coal  and  water  gas.  The  scores  of  water  gas  processes  exploited 
ten  years  ago  are  things  of  the  past.  Occasionally  venturesome  indi- 
viduals invade  the  field  with  a gas  just  as  good  for  half  the  price,  but 
their  life  is  short.  The  Hall  process  even  now  is  before  us  with  its 
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Fig.  8.— Diagram  Showing  Yield  of  Gases  During  Coking  in  Otto-Hoffman  Oven. 
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Fig.  11.— Indicator  Cards  of  Westinghouse  Engine. 
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Fig.  9. — Section  of  Westinghouse  Gas  Engine. 
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claim  for  rendering  nitrogen  combustible  by  passing  over  scraps  of 
brass,  zinc  and  iron  and  thus  “electrolyzing”  it,  and,  strange  to  say, 
the  promotors  manage  somehow  to  secure  financial  backing.  The 
principal  actual  progress  in  this  gas  has  been  in  the  Dellwik  process. 

The  Dellwik  Process. 

In  the  ordinary  water  gas  processes  while  blowing  air  through  the 
coke  or  hard  coal  to  bring  it  to  a high  enough  temperature  to  decom- 
pose steam,  the  bed  of  fuel  was  so  thick  that  the  carbon  was  but 
partially  consumed  and  C O was  formed  with  the  liberation  of  but 
4 327  B.  T.  U.  per  pound.  If  it  could  have  been  burned  to  C 02 
14  500  B.  T.  U.  would  .have  been  set  free  instead,  and  it  would  have 
required  the  consumption  of  but  one-third  the  quantity  of  carbon  to 
attain  the  same  temperature.  In  the  Dellwik  process,  by  reason  of 
a constant  and  not  too  deep  bed  of  fuel  and  a rapid  blast  of*  air, 
there  is  so  much  oxygen  present  in  the  upper  part  of  the  fuel  that 
there  is  no  opportunity  for  the  escape  of  C O unconsumed,  and  a 
maximum  heating  effect  is  attained.  In  the  improved  Lowe  process, 
the  blast  gases  consist  of  about  equal  portions  of  CO  and  C 02  as 
usually  operated.  Another  advantage  claimed  by  the  Dellwik  pro- 
cess is  that  the  time  of  heating  up  is  thus  reduced  and  the  time 
of  steaming  or  gas-making  is  lengthened;  no  steam  reaches  the 
further  surface  of  the  fuel  undecomposed,  so  that  the  percentage  of 
C 02  in  the  gas  is  kept  down.  If  the  steam  is  forced  through  too 
rapidly,  it  decomposes  near  its  point  of  exit  from  the  fuel,  and  the 
oxygen  at  once  attacks  the  C O,  converting  it  into  C 02. 

There  is  practically  no  difference  in  the  composition  of  this  gas  and 
the  ordinary  water  gas  before  adding  enrichers.  The  principal  advan- 
tages, then,  are  the  complete  combustion  of  the  blast  gases  and  the 
simplicity  of  the  apparatus.  But  this  simple  advantage  means  much 
in  the  economy  of  operation.  An  analysis  of  the  blast  or  heating  up 
gases  at  Warstein  showed  the  presence  of  but  1 to  1.8  per  cent  of 
C O.  This  means  that  70  000  cu.  ft.  of  Dellwik  water  gas  is  produced 
from  a long  ton  of  coke  as  against  34  400,  the  average  of  old  processes, 
or,  that  Dellwik  gas  contains  82%  of  the  heat  units  in  the  coke  as  against 
the  ordinary  European  water  gas  plants  giving  but  40%  (although  our 
water  gas  has  a somewhat  higher  yield).  And  this  is  done  by  substi- 
tuting a blasting  period  of  two  minutes,  and  a run  of  seven  to  ten 
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minutes,  the  old  method  requiring  blasting  ten  minutes  and  making 
gas  four  to  five  minutes. 

The  results  are  so  much  better  than  are  gotten  elsewhere  and  the 
reports  of  every  one  of  the  many  scientific  men  of  prominence  who 
have  examined  the  process  agree  so  well  and  are  so  favorable  that 
it  must  be  acknowledged  that  Germany  has  given  us  a decided 
improvement  in  the  manufacture  of  water  gas  for  fuel  purposes. 

Gas  Engines. 

Gas  for  power  is  a convenience,  and  where  gas  can  be  had  for  less  than 
50  cents  per  1 000  ft,  it  is  an  economy.  No  expensive  boiler  plant  nor 
labor  is  necessary.  One  good  mechanic  can  attend  to  an  ordinary 
plant,  and  the  best  engines  require  very  little  attention  outside  the 
igniters.  Small  gas  engines  formerly  limited  the  field  of  these  motors 
and  the  poor  regulation  when  operated  upon  the  hit  and  miss  princi- 
ple excluded  them  from  many  applications.  In  the  natural  gas 
district  this  gas  can  be  obtained  at  from  10  to  25  cents  per  1 000  cu. 
ft.  and  as  it  has  a high  calorific  value,  it  was  there  that  gas  engines 
received  their  first  serious  introduction.  It  soon  became  necessary 
to  have  better  regulation  and  the  Westinghouse  Company  began 
experiments  upon  regulating  the  supply  of  gas  at  each  charge  in 
proportion  to  the  load  and  used  the  ordinary  centrifugal  throttling 
ball  governor  with  such  good  effect  that  they  disregarded  the  hit-and- 
miss  principle  altogether,  along  with  the  single  cylinder. 

As  these  gas  engines  regulate  within  2%,  they  are  well  adapted  for 
driving  electric  light  plants,  and  are  used,  among  others,  by  the  gas 
companies  at  Long  Branch,  N.  J.,  and  Columbus,  O.,  for  that  purpose 
in  280  H-P.  three-cylinder,  direct  connection  sizes. 

The  section,  Eig.  9,  gives  an  idea  of  the  construction  of  these 
engines.  They  are  started  by  compressed  air  which  is  stored  up  while 
the  engine  is  running  or  supplied  to  the  tank  by  hand.  Where  gas  is 
not  available,  gasoline  is  used  to  carburet  air,  making  a gasoline  gas 
which  gives  good  results.  Perhaps  the  largest  gas  engine  running  to- 
day is  a Westinghouse  650  H.-P,  direct  connected.  It  has  been  in 
operation  several  years  and  demonstrated  the  fact  that  the  efficiency 
increases  with  the  size.  It  is  shown  in  Eig.  10.  In  consequence  there 
is  one  now  under  construction  in  their  shops  which  will  have  a brake 
horse-power  of  1 500.  Indicated  horse-power  is  unreliable  with  all 


Fig.  10.— A 650-Brake-Horse-Power  Gas  Engine. 
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Fig.  12.— A 20-Horse-Power  Diesel  Motor. 


o 


- 


LANDIS  ON  DEVELOPMENT  IN  GAS  ENGINEERING.  207 

■>; 

forms  of  explosion  motors  for  obvious  reasons,  and  brake  borse-power 
should  be  required  in  all  specifications.  Cards  from  one  of  these 
engines  are  shown  in  Fig.  11,  which  shows  plainly  the  effect  of 
throttling  the  gas  admission  and  prolonged  explosion. 

The  Diesel  Motob. 

Trouble  with  igniters  has  always  been  a drawback  to  the  satisfac- 
tory operation  of  gas  engines  and  that  is  one  of  the  reasons  why  the 
announcement  by  Rudolf  Diesel  in  1893  that  ignition  could  be  effected 
by  compressing  the  charge  to  the  temperature  of  ignition  of  the  fuel 
attracted  so  much  attention.  His  original  ideas  were  not  strictly  car- 
ried out,  but  this  principle  of  high  compression  was,  and  an  engine  was 
built  which  gave  very  encouraging  results.  A number  of  these  engines 
are  in  use  in  Germany  and  a company  has  been  organized  in  this 
country  for  their  manufacture,  although  they  are  not  yet  on  the 
market. 

The  single  cylinder  type  is  20  H.-P. , and  the  one  shown  in  Fig.  12 
was  exhibited  at  the  Electrical  Exposition  in  1898.  A three-cylinder 
motor  is  running  at  Augsburg,  Germany,  of  150  H.-P.  At  the  present 
time  they  use  oil,  but  experiments  with  gas  have  given  very  good 
results.  Fig.  13  is  a cross-section.  It  operates  something  like  this: 
On  the  down-stroke  the  cylinder  is  filled  with  air,  the  up-stroke  com- 
presses it  to  about  35  atmospheres  and  a temperature  high  enough  to 
ignite  the  fuel,  which,  in  this  case,  is  petroleum  injected  under  pressure 
and  atomized  through  gauge  by  compressed  air  during  any  part  of  the 
stroke  as  desired  and  thus  producing  combustion  in  place  of  explosion. 
The  compressed  air,  which  comes  from  an  attached  air  pump,  is  stored 
in  a tank  and  passes  through  an  oil  injector  valve  operated  by  a lever 
and  cam.  The  piston  then  returns,  expels  the  gases  of  combustion  and 
takes  in  a fresh  charge  of  air  upon  the  down-stroke.  The  compressed 
air  cylinder  furnishes  power  to  start  the  motor.  Notwithstanding  the 
high  compression  the  engine  runs  very  smoothly  and  with  good 
regulation.  Great  economies  are  claimed  for  it  and  a heat  utilization 
efficiency  ranging  from  23%  at  half  load  to  29%  at  full  load. 

A 100  H.-P.  Diesel  motor  consuming  240  grams  of  oil  per  B.  H.-P. 
hour  at  prices  varying  from  1 to  3 cents  per  gall,  will  cost  about  15 
cents  per  hour.  A good  steam  engine  of  the  same  size  with  coal  at 
$2.80  per  ton  will  cost  about  54  cents  for  a slide  valve,  43  for  a Cor- 
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liss,  and  22.4  for  a triple  expansion  engine.  To  this  should  be  added, 
of  course,  the  expenses  of  larger  plant  than  is  required  by  the  oil 
engine.  Colonel  Meier,  the  engineer  for  the  company,  is  responsible 
for  the  following  interesting  calculations,  giving  the  comparative  heat 
efficiency  of  the  motor: 

Heat  utilization. 

Small  auxiliary  steam  engines,  pumps,  etc.  . 0.6  to  1 per  cent. 


Plain  slide  valve  engines,  good  condition  ...  3 “ 5 “ 

Single  cylinder  Corliss  engines 6 “ 

Compound  condensing  engines 8 “ 

Reheating  compound  or  triple  expansion 

steam  engines 12  “ 

Best  oil  engines  (explosion  type) 16  “ 

“ gas  “ “ “ hit  and  miss.)  19  “ 

Diesel  combustion  motor 28  “ 30  “ 


The  Westinghouse  engine  might  come  in  here  with  its  efficiency  of 
20  to  25  per  cent.  There  are  some  Diesel  motors  in  daily  operation  in 
this  country  one  60  B.  H.-P.  in  St.  Louis,  costing  £ cent  per  horse- 
power hour.  They  will  also  be  made  to  use  gas.  The  question  of  com- 
petition at  once  suggests  itself,  but  we  may  safely  dismiss  it  with  the 
remark  that  there  is  room  for  everything  of  excellence,  and  that  its 
niche  cannot  be  so  well  filled  by  anything  else  as  itself.  Steam  power 
need  have  no  immediate  fears  due  to  the  development  of  gas  power. 
Pig.  14  is  the  American  version  or  design  of  the  Diesel  motor, 
and  is  interesting  in  connection  with  Pig.  12,  as  comparing  Amer- 
ican and  German  designs  of  the  same  apparatus.  Pig.  15  shows 
cards  made  while  using  coal  gas. 

Acetylene  Lighting. 

As  is  probably  well  known,  acetylene  is  a concentrated  hydro-car- 
bon gas  consisting  of  eqnal  parts  by  volume  of  carbon  and  hydrogen 
with  a small  percentage  of  impurities  such  as  phosphuretted  and  sul- 
phuretted hydrogen,  and  possibly  a little  marsh  gas.  It  is  generated 
by  the  very  simple  action  of  bringing  calcium  carbide  into  contact 
with  water  when  the  gas  is  at  once  violently  evolved,  leaving  slaked 
lime  as  a residue.  The  very  simplicity  of  the  operation  has  led  men 
of  inventive  propensities,  from  professors  to  tinsmiths,  to  devise  and 
patent  generators  for  the  work,  so  that  generator  patents  are  issued  at 


Fig.  13. — Section  of  Diesel  Combustion  Motor. 


Fig.  14.— Diesel  Motor.  Designed  in  America. 


Fig.  15.— Indicator  Cards  from  Diesel  Motor  Using  Gas. 
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tlie  rate  of  about  half  a dozen  per  week.  The  gas  has  an  intensely 
luminous  flame,  a 25  C.-P.  light  requiring  the  consumption  of  but 
i cu.  ft.,  while  5 cu.  ffc.  of  our  city  gas  are  necessary  for  the  same 
luminous  effect.  A peculiar  burner  is  necessary  for  the  best  results 
however,  for  the  gas  is  so  rich  in  carbon  that  it  is  liable  to  smoke. 
The  burner,  therefore,  is  built  upon  the  air-injector  principle,  the  gas 
orifice  being  flanked  by  air  openings,  so  that  it  passes  into  the  flame 
through  the  principal  burner  orifice  having  an  envelope  of  air  between 
itself  and  the  steatite  tip.  If  the  heated  gas  comes  in  contact  with 
the  steatite  itself,  the  latter  is  liable  to  absorb  tar  from  the  gas,  and 
upon  this  as  a basis  very  curious  fins  of  graphite  an  inch  or  two  in 
length  are  often  formed,  which  clog  up  the  burner  finally,  and  in  any 
event  cause  it  to  smoke.  The  present  types  of  burners  on  the  market 
answer  the  purpose  well;  and  the  method,  as  a method  of  lighting,  is 
quite  satisfactory  for  isolated  localities  where  city  gas  is  not  to  be 
obtained,  or  where  electricity  is  charged  for  at  exorbitant  prices.  For 
city  lighting  the  question  is,  however,  still  an  open  one.  Several 
small  villages  have  adopted  acetylene  lighting  with  more  or  less  satis- 
faction, for,  as  in  generator  construction,  the  simplicity  of  the  pro- 
cess leads  every  amateur  to  imagine  he  can  master  the  situation. 
There  is,  therefore,  considerable  trouble  from  lime  deposits  in  the 
mains  and  service  pipes,  and  tar  stoppages  at  the  burners,  to  say 
nothing  of  leaks  and  occasional  explosions  to  vary  the  monotony. 

At  New  Milford,  Conn.,  in  May,  1898,  an  acetylene  plant  was 
installed  to  compete  with  electricity.  The  town  has  a population  of 
2 500,  and  over  half  were  said  to  have  used  this  gas  a year  ago.  Four 
generators  were  coupled  and  connected  to  a gas  holder  having  a capac- 
ity of  300  cu.  ft.,  and  supplied  consumers  through  a 3-in.  main  put 
in  shallow  trenches.  About  180  lbs.  of  carbide  were  charged  per  day. 
Ordinary  gas  meters  were  installed,  and  the  price  of  gas  was  $20  per 
1 000  cu.  ft.  Milford,  Pa.,  ,a  Pike  County  village  near  Port  Jervis, 
about  the  same  time  had  a similar  plant  of  about  the  same  capacity. 
A gas  pressure  of  2f  ins.,  hydrostatic,  was  used.  Probably  the  most 
interesting  plant,  however,  was  installed  at  Wabash,  Ind.,  a city  of 
12  500  inhabitants  of  an  enterprising  character,  for  it  is  claimed  that 
it  was  the  first  city  to  be  lighted  by  Electricity.  It  was  formerly 
lighted  by  natural  gas  used  in  Welsbach  burners,  and  oil  gas  varying 
in  price  from  $2.50  to  $3.70  per  1 000  cu.  ft.  The  latter  plant  was 
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given  up,  and  the  200  cn.  ft.  capacity  relief  holder,  and  the  6 000  cn. 
ft.  storage  holder  are  now  used  to  store  acetylene. 

Fig.  16  is  an  exterior  view  of  this  plant,  and  Fig.  17  a section 
of  the  acetylene  generator  employed.  The  ordinary  city  gas  meters 
are  nsed,  and  the  gas  is  sold  on  a basis  of  16  O.-P.  hour  units  at  cent 
per  unit,  with  discounts  not  stated.  As  a 25  C.-P.  hour  requires  i cu. 
ft.  of  acetylene  gas,  this  unit  would  equal  about  one-third  of  a cubic 
foot,  and  is  equivalent  to  a price  of  $15  per  thousand.  The  burners 
consume  0.5,  0.75  and  1 cu.  ft.  per  hour,  and,  owing  to  the  principle  of 
wet  generation,  little  trouble  is  experienced  with  stoppages.  A very 
interesting  thing  occurred  on  August  7th,  however.  When  the  attend- 
ant returned  to  the  plant  he  found  that  the  building  had  disappeared, 
and  that  the  generator  was  gazing  at  him  like  a Phoenix  rising  from  the 
ruins.  A leak  had  evidently  occurred  about  the  apparatus  somewhere, 
and  gas  gradually  accumulated  until  in  explosive  proportion,  was 
ignited  by  a gas  flame  left  burning  in  the  room— another  amateur  trick 
—and  an  explosion  occurred  which  very  effectively  cleared  the  way 
for  a new  structure.  This  lesson  has  long  ago  been  learned  in  the  gas 
business.  No  open  flames  should  be  permitted  in  rooms  where  gas  is 
liable  to  collect.  The  gas  holder  was  not  injured,  and  the  plant  never 
ceased  for  an  hour  to  continue  supplying  gas  to  consumers. 

Miscellaneous. 

Among  other  new  developments  which  are  demanding  the  attention 
of  gas  engineers  are  such  subjects  as  distributing  gas  under  pressure. 
As  the  demands  of  a district  increase,  more  gas  must  be  conducted  to 
it  than  the  main  will  carry,  and  the  expense  and  inconvenience  of  put- 
ting in  a new  pipe  is  sufficient  to  make  the  manager  do  some  hard 
thinking.  This  increased  demand  is  to-day  staring  many  managers  in 
the  face,  for  gas  consumption  has  more  than  doubled  in  this  country 
within  the  past  decade,  so  that  the  supplying  of  outlying  distributing 
holders  or  adjacent  towns  with  gas  by  forcing  it  through  the  pipes 
under  a pressure  of  several  pounds  per  square  inch  is  being  thought  of 
seriously.  Experiments  have  shown  that  it  can  be  done  without  reduc- 
ing candle-power,  and  without  abnormal  leakage  or  expense  foi  pumps 
and  power,  so  that  we  may  soon  expect  to  see  it  applied. 

Electrolysis  is  also  demanding  a solution.  Whether  the  more 
extended  use  of  cement  joints, which  are  excellent  as  far  as  tightness  is 
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concerned,  or  the  use  of  vitrified  clay  pipe  instead  of  cast  iron,  will  be 
extensively  experimented  with  remains  to  be  seen,  as  the  subject  is 
still  under  discussion.  The  use  of  gas  for  fuel  purposes  is  growing, 
and  the  discussion  has  originated  in  Germany  as  to  whether  we  had 
not  better  give  up  the  manufacture  of  a luminous  gas  altogether,  and 
make  a cheaper  gas  of  high  calorific  power,  using  it  in  Welsbach  man- 
tles for  lighting,  and  thus  save  the  expense  for  oil  used  to  increase 
candle-power.  Oil  has  become  quite  expensive  the  past  two  years, 
having  about  doubled  in  price,  and  there  may  be  localities  where  this 
policy  would  be  of  advantage.  Certainly,  the  use  of  gas  for  heating  pur- 
poses is  increasing  remarkably.  Uncarburetted  water  gas  and  simple 
coal  gas  are  considerably  cheaper  and  answer  equally  well  for  all  pur- 
poses, except  open  flames,  so  that  as  the  number  of  the  latter  decrease 
it  becomes  a question  as  to  whether  the  tail  shall  wag  the  dog.  In  the 
matter  of  efficient  apparatus  for  heating  and  lighting  there  is  no  doubt 
but  that  America  is  ahead.  Our  gas  stoves  are  beautiful  in  design,  and 
are  certainly,  very  efficient,  and  the  variety  offered  in  the  way  of  domestic 
heating,  cooking,  and  laundry  purposes,  is  sufficient  for  all  require- 
ments. The  growth  in  the  demand  for  the  Welsbach  light  must  not  be 
overlooked.  Where  care  is  taken  with  mantles  it  is  by  far  the  most 
efficient  method  of  general  lighting  employed  to-day.  Contrary  to 
expectations  electricity  had  a rather  stimulating  effect  upon  the  gas 
business,  and  its  growth  has  been  correspondingly  rapid.  There  are 
uses  for  which  gas  is  pre-eminently  fitted,  and  their  development 
promises  much  for  both  the  gas  engineer  and  the  gas  consumer. 
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DISCUSSION. 


President.  The  President. — Mr.  Landis  has  given  ns  a very  good  idea  of  what 
is  going  on  in  gas  manufacturing,  and  1 think  it  is  a subject  of  very 
great  importance.  I know  that  some  years  ago,  when  the  lighting  of 
the  city  by  electric  light  was  in  progress,  a good  many  folks  said  that 
gas  was  going  to  be  a pretty  poor  thing.  But  I was  informed  by  the 
chemist  of  one  of  the  large  gas  companies  of  New  York  that  during  the 
period  from  1880  to  1890  and  perhaps  a few  years  later  than  that  time, 
when  electric  light  plants  were  coming  into  use,  there  was  no  time 
when  New  York  City  had  enough  gas  plants  to  perform  the  full  duties 


Mr.  Ford. 


Mr.  Landis. 


Mr.  Meem. 


Mr.  Landis. 


that  were  required  of  them  with  any  reserve  for  safety.  There  were 
times  when,  at  the  end  of  the  week  their  gasometers  were  empty,  and 
it  was  only  by  the  smaller  consumption  of  Sundays  that  they  were  able 
to  keep  up  with  the  demand  and  get  a little  surplus  to  go  into  the  next 
wTeek,  and  a serious  break-down  at  any  of  the  works  would  have  occa- 
sioned the  shutting  off  of  gas  from  a good  section  of  the  city.  That 
was  the  condition  when  they  were  building  up  works  that  nobody  on 
the  outside  understood,  and,  apparently,  the  importance  of  the  gas 
business  is  still  recognized  by  New  Yorkers,  besides  the  building  of  new 
plants.  For  instance,  we  know  what  happened  at  Albany  last  year  on  the 
proposition  to  build  enormous  works  at  Astoria  and  to  fight  for  gas. 

The  projection  of  the  Ravensw\ood  Works  that  has  been  shown  to 
you  this  evening  shows  what  New  York  demands  in  the  way  of  gas. 
After  all  the  talk  there  has  been  of  building  tunnels  under  the  East 
River  for  the  purposes  of  communications  it  rested  with  a gas  company 
to  actually  build  the  tunnel  and  show  what  was  possible  in  the  way  of 
tunneling  under  the  rock  of  Blackwell’s  Island. 

Mr.  W.  G-.  Ford.— I would  like  to  ask  what  proportion  of  American 
cannel  coal  is  used  in  the  production  of  gas? 

Mr.  Landis.— As  far  as  I am  informed,  there  is  very  little  used  for 
this  purpose  in  the  United  States.  The  American  cannel  coal  is  used 
principally  in  open  fire-places.  Yerv  little  of  it  is  used  in  the  manu- 
facture of  gas  as  we  have  gotten  into  the  habit  of  carburetting  with  oil 
instead  of  cannel  coal.  We  are  not  satisfied  with  the  low  candle-power 
gas  sold  in  England  where  the  cannel  coals  are  used  for  enriching,  but 
use  oil  in  order  to  bring  it  up  to  20  or  22  O.-P. 

Mr.  J.  C.  Meem. — I would  like  to  ask  a commercial  question. 
Suppose  a town  of,  say  5,000  people,  to  have  a gas  plant,  would  it  pay 
them  to  put  in  a by-product  apparatus  with  such  a small  plant  as  that? 

Mr.  Landis.— It  would  to  a limited  extent.  It  would  pay  to  take 
out  the  tar  compounds,  because  it  has  to  be  done  in  order  to  light 
effectively,  and  while  you  are  taking  out  the  tar  you  might  as  well  take 
it  out  in  such  a form  that  it  can  be  disposed  of  commercially. 
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Mr.  J.  C.  Meem.— That  apparatus,  I presume,  is  not  very  extensive. 

Mr.  Landis. — No;  it  consists  of  a condenser,  scrubber  and  purifier. 
The  tar  has  to  be  taken  out  anyway,  and  likewise  all  the  ammonia  and 
sulphur  compounds  have  to  be  removed.  The  tar  would  deposit  in 
the  pipes  and  burners  and  clog  them;  the  ammonia,  if  burned  in  tho 
atmosphere  of  living  rooms,  would  generate  poisonous  cyanides,  while 
sulphur  compounds  would  form  sulphurous  gases  injurious  to  health. 
While  you  are  removing  these  impurities  you  might,  therefore,  as  well 
remove  them  in,  such  a form  that  you  can  employ  them  for  some  com- 
mercial purpose.  There  is  a market  for  tar  and  ammonia  compounds, 
but  none  for  the  recovered  sulphur. 


Mr.  Meem. 
Mr.  Landis. 
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THE  DINNERS. 


THE  ANNUAL  DINNER. 

The  Fourth  Annual  Dinner  of  the  Club  was  held  at  “The  Argyle,” 
153  Pierrepont  Street,  on  Thursday  evening,  December  14th,  1899,  at 
7 o’clock. 

Walter  M.  Meserole,  President,  acted  as  toastmaster. 

Joseph  W.  Roe  spoke  on  the  “Chase  of  the  Automobile”;  Fred- 
erick S.  Woodward  on  “Girdling  the  World  in  Twenty  Minutes”; 
Henry  B.  Seaman  on  “ Corporations  vs.  the  Cold  World,”  and  Willard 
S.  Tuttle  on  “Why  the  Castings  Come  Out  Wrong.” 

The  Club  quartette,  F.  W.  Perry,  first  tenor;  F.  J.  Conlon,  second 
tenor;  F.  L.  Bartlett,  first  bass,  and  J.  Calvin  Locke,  second  bass, 
gave  a number  of  selections,  one  of  which  “Fairy  Tales,”  being  a 
roast  on  many  of  the  members,  was,  perhaps,  the  hit  of  the  evening. 

THE  JUNE  DINNER. 

The  Second  Annual  Dinner  to  the  Ladies  was  held  at  the  Clarendon 
Inn,  on  the  Ocean  Cycle  Path,  on  June  8th.  Many  of  the  members 
and  their  guests  came  in  parties  awheel.  Individual  tables  tastily 
decorated  with  seasonable  flowers,  seating  from  four  to  eight,  were 
arranged  under  the  direction  of  the  Entertainment  Committee  upon 
the  north  piazza  of  the  Inn.  Music  was  furnished  by  an  excellent 
Hungarian  orchestra. 

Geo.  W.  Tillson,  Chairman  of  the  Entertainment  Committee,  acted 
as  toastmaster. 

Ex-President  Nelson  P.  Lewis  responded  to  the  toast  “The-  Club’s 
Future.”  James  Cowan  Meem  defended  “Our  Benedicts.”  George 
F.  Rowell  discussed  “ The  Engineering  Press.”  “The  Suburbanite  ” 
was  cleverly  handled  by  Joseph  Strachan,  and  President  Walter  M. 
Meserole  responded  to  the  toast  to  “The  Ladies.”  The  speeches  were 
interspersed  with  vocal  selections  by  Members  Frank  J.  Conlon  and 
Fred.  L.  Bartlett.  Through  the  kindness  of  a talented  member  printed 
copies  of  a song  written  for  the  occasion  were  available,  and  a most 
enjoyable  evening  was  brought  to  a close  in  a happy  manner  by  one 
and  all  singing  the  song  to  a familiar  air,  led  by  the  orchestra. 


Gracie  Sayre  Roberts. 

Memoir  of  Mr.  Roberts  was  printed  in  the  Proceedings  for  1898. 


George  W.  Wundram. 


MEMOIR  OF  GEORGE  W.  WUKDRiM. 
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MEMOIR  OF  GEORGE  W.  WUNDRAM.* 


Died  November  9th,  1899. 


George  W.  Wundram  was  born  at  Kirchweihe,  near  Bremen,  in  the 
Kingdom  of  Hanover,  January  1st,  1838.  He  received  bis  education  at 
local  schools  and  served  an  apprenticeship  as  a machinist.  He  then 
entered  the  Hanover  Polytechnic  and,  upon  graduation,  was  employed 
as  engineer  by  the  Hamburg  American  P.  A.  Co. 

He  came  to  the  United  States  in  1863  and  engaged  in  the  manufac- 
ture of  steam  boilers  under  the  firm  name  of  Wundram,  Griffith  &Co., 
New  York.  He  was  Superintendent  of  the  Staten  Island  Railroad 
Company  during  1877  and  1878. 

He  was  connected  with  the  Brooklyn  Water  Department  as  Archi- 
tect and  Civil  Engineer  for  seventeen  years,  which  position  he  held  at 
the  time  of  his  death.  The  design  and  construction  of  many  of  the 
pumping  stations  and  buildings  on  the  line  of  the  Water  Supply 
between  Brooklyn  and  Massapequa  were  executed  under  his  supervision. 
He  was  elected  Corporate  Member  of  the  Brooklyn  Engineers’  Club 
on  Januarv  7th,  1897,  very  soon  after  its  organization,  and  retained  an 
active  interest  in  its  work  until  his  death.  He  was  also  prominently 
connected  with  a number  of  German  Technical  Societies,  being  one  of 
the  organizers  of  the  first  of  these  societies  which  was  founded  in 
New  York  City  in  1864.  He  held  for  many  years  important  positions 
in  these  societies. 

He  was  also  a very  active  member  of  the  Photographic  Section  of 
the  Brooklyn  Institute  of  Arts  and  Sciences.  


* Abstract  from  Mitteilungen  des  Deutseh-Americanischen  Techniker-  Verbandes, 
December,  1899,  translated  by  F.  O.  Nowaczek,  Member  of  the  Brooklyn  Engineers  Club. 
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MEMOIR  OF  JOHN  H.  VAN  DER  YEER  * 


Died  December  2d,  1899. 


John  H.  Yan  der  Yeer  was  born  on  March  28th,  1864,  at  Somerville , 
N.  J.  His  ancestors  were  among  the  early  Dutch  colonists. 

While  a grammar  school  pupil  he  passed  the  entrance  examinations 
for  the  United  States  Naval  Academy  at  Annapolis,  but  was  not 
admitted  on  account  of  his  youth. 

He  prepared  to  enter  Stevens  Institute,  but  in  1881  was  obliged  to 
forego  his  plans  and  entered  the  employ  of  the  Central  Railroad  of 
New  Jersey. 

He  began  as  office  boy,  but  displayed  such  ability  that  in  the  short 
space  of  three  years  he  was  made  chief  clerk  of  the  freight  department 
and  was  also  given  charge  of  the  harbor  transfer  work. 

On  December  24,  1888,  he  resigned  this  position  to  become  superin- 
tendent of  the  People’s  Street  Railway  of  Scranton,  Pa.,  one  of  the 
first  street  railways  operated  by  electricity.  The  following  year  he 
became  manager  of  the  company  and  continued  in  this  position  until 
the  spring  of  1892. 

On  September  1, 1892,  he  became  connected  with  the  freight  depart- 
ment of  the  Erie  Railroad,  but  in  1893  he  resigned  from  this  company  to 
assume  the  duties  of  assistant  superintendent  of  motor  equipment  and 
maintenance  of  the  Brooklyn  Heights  Railroad  Company. 

The  successive  consolidations  entered  into  by  this  system  increased 
Mr.  Yan  der  Yeer’s  duties,  but  that  his  ability  was  superior  to  the 
increasing  responsibilities  is  evinced  by  the  fact  that  at  the  time  of 
his  death  he  was  superintendent  of  shops,  having  under  his  charge  the 
entire  rolling  stock  of  the  Brooklyn  Rapid  Transit  Company,  both 
surface  and  elevated. 

Mr.  Yan  der  Yeer  was  a charter  member  of  our  Club  and  was 
actively  interested  in  it.  He  was  also  a member  of  the  Railroad  Club 
of  New  York  City.  He  was  a delegate  to  the  National  Street  Railway 
Convention  held  last  October  in  Chicago  and  read  a very  able  paper  on 
“ The  Care  of  Car  Equipment.” 

Mr.  Yan  der  Yeer  possessed  the  sturdy  virtues  of  his  Dutch 
ancestry.  Always  too  busy  to  enter  much  into  social  life  and  devoted 
to  his  wife  and  son,  the  fine  quality  of  his  character  impressed  those 
fortunate  enough  to  know  him  well. 

“ He  had  kept  the  whiteness  of  his  soul 
And  thus  men  o’er  him  wept.” 

* Memoir  prepared  from  records  of  the  Club  and  by  J.  S.  Langthorn,  Member  of 
the  Brooklyn  Engineers’  Club. 


1 


John  H.  Van  der  Veer. 


_ 


- 


LUiiW.Y 

UHIVtfiSITy  OF  ILLINOIS 


LIST  OF  BOOKS  TO  BE  FOUND  IN  THE  LIBRARY 

OF  THE 

BROOKLYN  ENGINEERS’  CLUB. 


CIVIL  ENGINEERING  AND  ARCHITECTURE. 

Adams,  Fred’k  W Atmospheric  Resistance  to  Railway  Trains,  1892. 

Adams,  Henry Strains  in  Ironwork,  1888. 

Practical  Designing  of  Structural  Ironwork,  1894. 

Baker,  B Strengths  of  Beams  and  Arches,  1870. 

Baker,  Ira  O Masonry  Construction,  1895. 

Baker,  M.  N Sewerage  and  Sewage  Purification,  1896. 

The  Manual  of  American  Water-Works,  1897. 

Bailey-Den  ton,  E Sewage  Purification,  1896. 

Baldwin,  W.  J Steam  Heating  for  Buildings,  1881. 

Bale,  M.  P Stone-Working  Machinery,  1884. 

Bancroft,  R.  M.  and  F.  J.  .Tall  Chimney  Construction,  1885. 

Banner,  E.  G Wholesome  House,  1882. 

Barrois,  J Irrigation  in  Egypt  for  1889. 

Baumeister,  R Cleaning  and  Sewerage  of  Cities,  1891. 

Bell,  T.  J History  of  Water  Supply,  1882. 

Berg,  L.  De  C Safe  Building,  Yol.  1, 1894. 

Safe  Building,  Yol.  II,  1892. 

Berg,  Walter  G Buildings  and  Structures  of  American  Railroads,  1893. 

Billings,  Jno.  S Yentilation  and  Steam  Heating,  1884. 

Bird,  F.  W The  Hoosac  Tunnel,  1865. 

Birkmire,  W.  H Skeleton  Construction  in  Buildings,  1894. 

Compound  Riveted  Girders,  1896. 

Planning  and  Construction  of  High  Office  Buildings,  1898. 

Birkmire,  W.  H Architectural  Iron  and  Steel. 

Bjorling,  P.  R Pumps,  1890. 

Blake,  E.  T Sewage  Poisoning. 

Boulnois,  H.  P Dirty  Dust  Bins  and  Sloppy  Streets,  1881. 

Bow,  R.  H 'Economics  of  Construction  (Framed  Structures),  1893. 

Box,  Thos Strength  of  Materials,  1893. 

Broom,  Geo.  J.  C Drainage  and  Disposal  of  Town  Sewage,  1889. 

Brown,  G.  P Sewer  Gas  and  Its  Dangers,  1881. 

Briggs.  Robt Steam  Heating,  1888. 

Burr,  S.  D.  Y Tunnelling  under  the  Hudson  River,  1885. 

Burr,  Wm.  H Elasticity  and  Resistance  of  Materials,  1883. 

Burton,  F.  G Engineering  Estimates  and  Cost  Accounts,  1896. 

Burton,  W.  K Water  Supply  of  Towns,  1894. 

Burke,  M.  D Brick  for  Street  Pavements,  1894. 

Byrne,  A.  T Highway  Construction,  1893. 

Inspection  of  Materials,  1898. 

Cain,  Wm Maximum  Stresses  in  Framed  Bridges,  1897. 

Carpenter Experimental  Engineering,  1895. 

Carpenter,  R.  C Heating  and  Ventilating  Buildings,  1895. 


218 


LIBRARY  BOOK  LIST. 


Carson  Howard Metropolitan  Sewerage  System,  “ Technology  Quarterly,”  1898. 

Cassanbrait Engineering  and  Architectural  Jurisprudence,  1898 

niarkp  T)  K Tramways— Their  Construction  and  Working,  Yol.  I,  1878. 

Tramways— Their  Construction  and  Working,  Vol.  II,  1882. 

Clarke,  EC Main  Drainage  Works  of  Boston,  1885. 

Clarke’,  Bogert  et  als The  American  Railway,  1889. 

Clarke,  G.  S The  Principles  of  Graphic  Statics,  1880. 

Clarke,  T.  M Architect,  Owner  and  Builder  Before  the  Law,  1894. 

Codington,  T . . . . . . The  Maintenance  of  Macadamized  Roads,  1892. 

Coffin,  Freeman  C Hydraulic  Problems,  1897. 

Collett,  Harold Water  Softening  and  Purification,  1895. 

Coleman,  J.  E Stable  Sanitation  and  Construction,  1898. 

Colyer,  Fred’k Water  Supply  and  Drainage,  1889. 

Pumps  and  Pumping  Machinery,  1882. 

Conant  and  Schuyler The  Brooklyn  Bridge. 

Crimp  W.  Santo Sewage  Disposal  Works,  1894. 

Cummings,  Uriah American  Cements,  1898. 

Dahlgren Laws  New  York  Building  Department. 

Davies,  P.  J Practical  Plumbing,  Vol.  I,  1889. 

Practical  Plumbing,  Vol.  II,  1896. 

Daubuisson Hydraulics,  1852. 

Derr,  Wm.  L Block  Signal  Operation,  1897. 

De  Varona,  A Sewer  Gases,  1879, 

De  Varona,  I.  M Future  Extension  of  Brooklyn  Water  Supply,  1896. 

Brooklyn  Water  Supply,  1896. 

Dibdin,  W.  J Purification  of  Sewage  and  Water,  1897. 

Dolman,  F Municipalities  at  Work,  1895. 

Drysdale  & Hayward Health  and  Comfort  in  House  Building,  1890. 

Duane,  James  C The  New  Croton  Aqueduct,  1887  to  1895—1895. 

Du  Bois,  A.  J The  Stresses  in  Framed  Structures,  1896. 

Dye,  F.. Hot  Water  Supply,  1887. 

Dye  & Hood Warming  Buildings  by  Hot  Water,  1891. 

Engineer’s  Reports East  River  Bridge,  1885. 

Engineering  News Manual  of  American  Water-Works,  1888. 

Manual  of  American  Water-Works,  1891. 

Faija,  H Portland  Cement  for  Users,  1881. 

Fairchild,  C.  B Street  Railways.  1892. 

Fanning,  J.  T Water  Supply  Engineering,  1877. 

Fidler,  T.  Claxton Calculations  in  Hydraulic  Engineering,  Part  I,  1898. 

FitzGerald,  Desmond Boston  Water-Works,  1895. 

Fitzmaurice,  Maurice Plate  Girder  Railway  Bridges,  1895. 

Flynn.  P.  J Flow  of  Water  in  Channels,  etc.,  1886. 

Hydraulic  Tables,  1888. 

Folwell,  A.  P Sewerage  Systems,  1898. 

Foster,  Horatio  A Central  Station  Bookkeeping,  1894. 

Foster,  Walcott  C Treatise  on  Wooden  Trestle  Bridges,  1897. 

Fowler,  Chas.  E Coffer-Dam  Process  for  Piers,  1898. 

Freitag,  J.  K Architectural  Engineering,  1895. 

Frith,  Henry The  Triumphs  of  Modern  Engineering. 

Fuertes Water  and  Public  Health,  1897. 

Fuller,  Geo.  W Purification  of  Ohio  Water  at  Louisville,  1898. 

Ganguillet  and  Kutter.. . .Flow  of  Water,  1893. 

Gerhard,  Wm.  Paul The  Disposal  of  Household  Wastes,  1890. 


Sanitary  Drainage  of  Buildings,  1890. 
Drainage  and  Sewerage  of  Dwellings,  1892. 
House  Drainage  and  Sanitary  Plumbing,  1894. 
Gas  Lighting  and  Gas  Fitting,  1894. 

Sanitary  House  Inspection,  1895. 
Miscellaneous  Essays. 


LIBRARY  BOOK  LIST. 


219 


Gerhard,  Wm,  Paul. ..... .Sanitary  Engineering,  1898. 

Regulations  for  Drainage,  Water  Supply,  Fire  Protection,  etc. 

N.  Y.  Lunacy  Com.,  1899. 

Sanitary  Engineering  of  Buildings,  1899. 

Gillespie,  W.  M . .A  Manual  of  Road  Making,  1847. 

Gillespie,  T.  A.  Co Riveted  Steel  Water  Pipes,  1897. 

Gillmore,  Q.  A Building  Stones.  1876. 

Treatise  on  Limes,  Cements,  etc.,  1888. 

Goodhue,  W.  F Municipal  Improvements,  1893. 

Gould,  E.  Sherman High  Masonry  Dams,  1897. 

Graether,  L.  F Building  Laws,  City  of  New  York,  1898. 

Gratz,  M Terminal  Facilities,  Port  of  New  York,  1885. 

Gray,  Sami.  M Sewerage  of  Cities  (Providence  Report),  1884. 

Greaves Elementary  Hydrostatics,  1894. 

Greene,  Chas.  E Trusses  and  Arches,  1894. 

Greene,  Chas.  E Roof  Trusses,  1888. 

Greene,  Chas.  E. Bridge  Trusses,  1888. 

Greenwell  & Curry Rural  Water  Supply,  1896. 

Haldane,  J.  W.  C Civil  and  Mechanical  Engineering,  1890. 

Hall,  W.  E Car  Lubrication,  1895. 

Hancock,  H Mechanics  and  Hydrostatics,  1894. 

Hart,  J.  W Hints  to  Plumbers,  1893. 

Hatfield,  R.  G Transverse  Strains,  1877. 

The  American  House  Carpenter,  1895. 

Haupt,  Lewis  M A Move  for  Better  Roads,  1891. 

Engineering  Specifications. 

Haupt,  Herman Street  Railway  Motors,  1893. 

Hazen,  Allen Filtration  of  Public  Water  Supplies,  1895. 

Hedges,  K American  Electric  Street  Railways,  1894. 

Hellyn,  J.  S Sanitary  Plumbing,  1882. 

Herschel,  Clemens 115  Experiments,  1897. 

Hervieu,  Jules Traits  Practique  de  la  Construction  des  Egouts,  1898. 

Higham,  T Hydraulic  Tables,  1898. 

Hildenbrand,  W. Cable  Making  for  Suspension  Bridges,  1877. 

Hill,  Jno.  W .Purification  of  Public  Water  Supplies,  1898. 

Hiroi,  Isami .Plate  Girder  Construction,  1893. 

Holley,  Alex.  L American  and  European  Railway  Practice,  1861. 

Howe,  M.  A Retaining  Walls  for  Earth,  1896. 

Humber,  W Water  Supply  of  Cities  and  Towns,  1876. 

Hurst,  G.  H Painters’  Colors,  Oils  and  Varnishes,  1892. 

Hurst,  Jno.  T Formulae,  Tables,  etc.,  1882. 

Hutton,  Wm.  R The  Washington  Bridge,  1839. 

Jacob-Gould Storage  Reservoirs,  1888. 

Jameson,  Chas.  D Portland  Cement,  1898. 

Jenkin,  Fleming Heating  Houses,  1879. 

Johnson,  F.  R Stresses  in  Girder  and  Roof  Trusses,  1894. 

Johnson,  J.  B Engineering  Contracts  and  Specifications,  1895. 

The  Materials  of  Construction,  1897. 

Johnson,  Bryan  & Tur- 

neaure Theory  and  Practice  of  Modern  Framed  Structures,  1896. 

Jones,  Chas Refuse  Destructors,  1894. 

Jones,  Robt.  H Asbestos  and  Asbestic,  1897. 

Jones,  Walter Heating  by  Hot  Water,  1896. 

Keating,  J.  M The  Yellow  Fever  Epidemic  of  1878  in  Memphis,  1879. 

Kelton,  D.  H History  of  Sault  Ste.  Marie  Canal,  1888. 

Kent,  W.  G The  Water  Meter,  1892. 

Kent,  Wm Kent’s  Mechanical  Engineers’  Pocket-Book,  1895. 

Wrought  Iron  and  Chain  Cables,  1879. 

Kensington  School Notes  on  Building  Construction,  Part  II,  1876. 


220 


LIBRARY  BOOK  LIST. 


Kensington  School  Notes  on  Building  Construction,  Part  III,  1879. 

Notes  on  Building  Construction,  Part  IV,  1891. 

Kidder,  Frank  E Architects  and  Builders’  Pocket-Book,  1897. 

Kiersted,  Wynkoop Sewage  Disposal,  1894. 

Killing  worth,  Hedges American  Electric  Street  Railways,  1894. 

Kindi,  F H Carnegie’s  Pocket  Companion,  1898. 

King,Chas. Croton  Aqueduct,  Cost,  Capacity,  etc.,  1843. 

Kirkwood,  James  P Brooklyn  Water-Works  and  Sewers,  1867. 

Krantz,  J.  B Reservoir  Walls,  1888. 

Lanza,  Gaetano Applied  Mechanics,  1896. 

La  Rue,  Benj A Graphical  Method  for  Swing  Bridges,  1892. 

Lawler,’ Jas.  J Hot  Water  Heating,  Steam  and  Gas  Fitting,  1895. 

Leffel,  Jas.  & Co Construction  of  Mill  Dams,  1874. 

Construction  of  Mill  Dams,  1881. 

Leverich,  G .'.Cable  Railway  on  Brooklyn  Bridge,  1888. 

Traffic  Capacity  of  Brooklyn  Bridge,  1889. 

Luce,  Robt Electric  Railways,  1886. 

Mason,  W.  P Water  Supply,  1896. 

Matheson,  E Matheson’s  Aid  Book,  1889. 

Maxwell,  Wm.  H Removal  and  Disposal  of  Town  Refuse,  1898. 

McCain,  C.  C Compendium  of  Transportation  Theories,  1893. 

McElroy,  Sami Hempstead  Storage  Reservoir,  1878. 

McMaster,  J.  B Bridge  and  Tunnel  Centers,  1875. 

Merriman  & Jacoby Roof  & Bridges,  Part  I (Stresses),  1898. 

Roof  and  Bridges,  Part  II  (Graphic  Statics),  1897. 

Roof  and  Bridges,  Part  III  (Bridge  Design),  1898. 

Roof  and  Bridges,  Part  IV  (Higher  Structures),  1898. 

Merriman,  Mansfield The  Mechanics  of  Materials,  1885. 

The  Strength  of  Materials,  1898. 

Merriman,  Mansfield Sanitary  Engineering,  1898. 

Merri wether,  Niles Statements  and  Estimates  of  Pavements  and  Sewers,  etc. 

Metropolitan  Sewerage 

Commission Sixth  Annual  Report,  Mass,  1895. 

Seventh  Annual  Report,  Mass  , 1896. 

Meyer,  Henry  C Water  Waste  Prevention,  1885. 

Molesworth,  G.  L Pocket-Book  for  Civil  and  Mechanical  Engineers,  1899. 

Mott,  Henry  A.,  Jr Ventilation,  1883. 

Nagle,  J.  C. Field  Manual  for  Railroad  Engineers,  1897. 

Newell,  F.  H Agriculture  by  Irrigation,  1894. 

Newman,  Jno Cylinder  Bridge  Piers,  1893. 

Newman,  Jno Notes  on  Concrete,  1894. 

Metallic  Structures,  Corrosion  and  Fouling,  1896. 

Nicolls,  Wm.  J -The  Railway  Builder,  1897. 

Nichols,  Wm.  R Water  Supply,  1894. 

Nourse,  J.  E Maritime  Canal  of  Suez,  1884. 

N.  Y.  R.  R.  Commission.  .Report  on  Bridge  Strains,  1891. 

Palmberg,  Albert Treatise  on  Public  Health,  1893. 

Parsons,  W.  B Track,  1886. 

Paterson,  M.  McC Testing  of  Pipes  and  Pipe- Joints,  1879. 

Patton,  W.  M A Treatise  on  Civil  Engineering,  1895. 

A Practical  Treatise  on  Foundations,  1895. 

Pearce,  W.  J Painting  and  Decorating,  1898. 

Pinchot  and  Graves The  White  Pine,  1896. 

Plympton,  G.  W Van  Nostrand’s  Civil  and  Mechanical  Engineers’  Table  Book, 

1892. 

How  to  Become  an  Engineer,  1891 . 

Poncelet  and  Woodbury.  .Sustaining  Walls,  1854. 

Pratt  & Alden Street  Railway  Roadbed,  1898. 

Prudden,  T.  M Drinking  Water  and  Ice  Supplies,  1891. 


LIBRARY  BOOK  LIST. 


221 


Rafter,  Geo.  W Microscopical  Examination  of  Potable  Water,  1892. 

Mechanics  of  Ventilation,  1896. 

Rafter  and  Baker Sewage  Disposal  in  the  United  States,  1894. 

Rankine,  W.  J.  M Manual  of  Civil  Engineering,  1865. 

Rules  and  Tables,  1867. 

Redgrave,  G.  R Calcareous  Cements,  1895. 

Reid,  Henry A Practical  Treatise  on  Concrete,  1879. 

Reynolds,  Michael Continuous  Railway  Brakes,  1882. 

Rideal,  Samuel Water  and  its  Purification,  1897. 

Robinson,  Henry Hydraulic  Power  and  Machinery,  1887, 

Sewage  and  Sewage  Disposal,  1896. 

Robinson,  S.  W Strength  of  Wrought-Ircn  Bridge  Members,  1882. 

Rockwell,  A.  P Roads  an  Pavements  in  France,  1896. 

Roebling,  W.  A Pneumatic  Tower  Foundations  of  East  River  Bridge,  1872. 

Ruffner,  E.  H Improvement  of  Non-Tidal  Rivers,  1885. 

Sachs,  E.  O Fires  and  Public  Entertainments,  1897. 

Scott,  Jno Irrigation  and  Water  Supply,  1883. 

Searles,  Wm.  H Field  Engineering,  1891. 

Shadwell,  A London  Water  Supply,  1899. 

Shaler,  N.  S American  Highways,  1896. 

Siebert  & Biggin Modern  Stone  Cutting  and  Masonry,  1896. 

Slagg,  Chas .Water  Engineering. 

Smead,  Isaac  D Ventilation  and  Warming  of  Buildings,  1839. 

Smeaton,  Jno Plumbing,  Drainage,  Water  Supply,  1893. 

Smith,  Hamilton,  Jr Hydraulics,  1886. 

Spalding.  Fred  P Roads  and  Pavements,  1894. 

Hydraulic  Cement,  1897. 

Spencer,  Jas.  C The  New  Croton  Aqueduct,  1883  to  1887. 

Spennrath,  J. Protective  Coverings  for  Iron,  1896. 

Spinks,  W House  Drainage  Manual,  1897. 

Spon,  Ernest Sinking  and  Boring  Wells,  1885. 

Staley  and  Pierson Separate  System  of  Sewerage,  1891. 

Statistics,  U S .Statistics  of  Railways  in  the  United  States,  1894. 

Stevenson,  David Canal  and  River  Engineering,  1872. 

Stone,  Roy New  Roads  and  Road  Laws,  1894. 

Sutro  Tunnel  Commission. The  Sutro  Tunnel,  1872. 

Sutro,  Theodore The  Sutro  Tunnel,  1887. 

Sylvester,  W.  A Modern  Carpentry  and  Building,  1896. 

Terry,  Geo Pigments,  Paint  and  Painting.  1893. 

Thurston,  R.  H Materials  of  Construction,  1885. 

Materials  of  Engineering,  Part  I,  1883. 

Tratman  and  Fernow Use  of  Metal  Railroad  Ties,  1894. 

Metal  versus  Wooden  Ties,  1890. 

Trautwine,  J.  C Curves,  1886. 

Engineers1  Pocket-Book,  1889. 

Turner  and  Brightmore. . .Water- Works  Engineering,  1893. 

U.  S.  Government. . .v Test  of  Metal,  1886. 

U.  S.  Government Steam  Measurement  for  1896, 

Vermeule,  C.  C .'  .Water  Supply  of  New  Jersey,  Report  1894. 

Vernon-Har court,  L.  F Rivers  and  Canals,  Vol  I,  1882. 

Rivers  and  Canals,  Vol.  II,  1882. 

Achievements  in  Engineering,  1891. 

Vose,  Geo.  L Manual  for  Railroad  Engineers,  1873. 

Bridge  Disasters  in  America,  1887. 

Voss,  Wm Railway  Car  Construction,  1892. 

Waddell,  J.  A.  L Pocket-Book  for  Bridge  Engineers  (De  Pontibus),  1898. 

Wait,  J.  C Engineering  and  Architectural  Jurisprudence,  1898. 

Walker,  T.  A The  Severn  Tunnel,  1888. 

Wallace,  W.  W.,  Jr Brick  Pavements,  1895. 


222 


LIBRARY  BOOK  LIST. 


Waring,  Geo.  E.,  Jr. 


Wegmann,  E.,  Jr 

Weisbach,  Julius 

Wellington.  A.  M 

Weston,  E.  B 

Weyrauch,  P.  J 

Wheeler,  W.  H 

Wilcox,  R.  M 

Williamson,  Benj 

Wilson,  H.  M 

Wolff,  A.  R 

Wood,  De  Volsom. 

Wolheim,  Albert 

Wright,  A.  W 

Wright,  Chas.  H 


Abbott,  A.  V 

Adams,  Henry 

Alexander,  J 

Anderson,  Wm 

Armstrong,  R 

Babcock  & Wilcox. . 
Bale,  M.  P 

Barr,  Wm.  M 

Bjorling,  Ph.  R 

Black,  John 

Blaine,  R.  G 

Bolland,  S 

Bolton,  Reginald  P. 

Brannt,  Wm.  T 

Campin,  F 

Chanute,  O 

Carpenter,  R.  C — 
Clarke,  D.  K 


Clerk,  Dugald 

Colburn,  Zerah 

Colyer,  Fred 

Crew,  Benj.  J 

Daklstrom,  Karl  P . . 

Davis,  C.  T 

Diesel,  Rudolph 

Donkin,  B.,  Jr 

Dubois  & Weisbach 
Durand,  Wm.  F.... 


. .Village  Improvements,  1877. 

Final  Disposition  of  the  Wastes  of  New  It  ork,  1896. 
Sewerage  and  Land  Drainage,  1891. 

Sewage  Disposal,  1894. 

Sanitary  Drainage  of  Houses  and  Towns,  1878. 

How  to  Drain  a House,  1885. 

, . .Masonry  Dams,  1893. 

The  Water  Supply  of  New  York,  1896. 

. .Mechanics  of  Engineering,  Vol.  I,  1872. 

..Economic  Theory  of  Railway  Construction,  1891. 

. .Loss  of  Head  in  Pipes  (Tables),  1896. 

. .Structures  of  Iron  and  Steel,  1891. 

, . .Tidal  Rivers,  1893. 

. . . Cantilever  Bridges,  1898. 

.Stress  and  Strain  of  Elastic  Solids,  1894. 

.Irrigation  Engineering,  1893. 

.Ventilation  of  Buildings. 

The  Resistance  of  Materials,  1875. 

...Sewerage  Engineers’  Note  Book,  1896. 

. . .American  Street  Railways,  1888. 

.The  Designing  of  Draw  Spans,  1897. 

MECHANICAL  ENGINEERING. 

, . . .Treatise  on  Fuel,  1891. 

.Handbook  for  Mechanical  Engineers,  1891. 

, . . .Model  Engine  Construction,  1894. 

.Conversion  of  Heat  into  Work,  1887. 

Chimneys  for  Furnaces  and  Boilers,  1883. 

Steam  Boilers,  11th  Edition,  1892. 

. . . .Steam  (Trade  Publication),  1891. 

.Saw  Mills,  Arrangement  and  Management,  1883. 
Modern  Shafting  and  Gearing,  1893. 

Boilers  and  Furnaces,  1898. 

.Water,  or  Hydraulic  Motors,  1894. 

Gas  Fitting,  1886. 

Hydraulic  Machinery,  1897. 

. . . .Encyclopaedia  of  Founding,  1894. 

.Motive  Powers  and  their  Practical  Selection,  1895. 

. . . .Petroleum  and  Natural  Gas,  1895. 

Hand  Turning,  1883. 

Progress  in  Flying  Machines,  1894. 

. . . .Experimental  Engineering,  1895. 

Manual  for  Mechanical  Engineers,  1878. 

Fuel,  Its  Combustion  and  Economy,  1891. 

The  Steam  Engine,  4 vols.,  1890. 

Gas  and  Oil  Engines,  1896. 

The  Gas  Engine,  1886. 

Steam  Boiler  Explosions,  1873. 

Gas  Works:  Arrangement  and  Construction,  1884. 

Pumps  and  Pumping  Machinery,  1882. 

Practical  Treatise  on  Petroleum,  1887. 

The  Fireman’s  Guide,  1891. 

Treatise  on  Manufacture  of  Brick,  1884. 

Rational  Heat  Motor,  1894. 

Gas,  Oil  and  Air  Engines,  1894. 

Mechanics  of  Engineering  and  Cost  of  Machines,  1878. 

Resistance  and  Propulsion  of  Ships,  1898. 


LIBRARY  BOOK  LIST.  223 

Ewing,  J.  A Steam  Engines  and  other  Heat  Engines,  1894. 

Fijuje,  van  Salruda Aerial  Navigation,  1894. 

Flather,  J.  J Rope  Driving,  1895. 

Fletcher,  Wm The  Steam  Jacket,  1895. 

Fletcher,  Thomas Commercial  Uses  of  Coal  Gas. 

Flower,  P.  W History  of  Tin  and  Tin  Plate,  1880. 

Fuller,  John Art  of  Coppersmithing,  1894. 

Fulton,  John .Coke  Manufacture  and  By-Products,  1895. 

Gaisford  & Langmaid Steam  Machinery  and  the  Marine  Engine,  1893. 

Galloway,  Robt Treatise  on  Fuel,  1880. 

Gibbs,  Wm.  E Lighting  by  Acetylene,  1898. 

Goodeve,  T.  M On  Gas  Engines,  1887. 

Steam  Engine,  Gas  Engine  and  Heat  Engine,  1896. 

Greenwood,  W.  H Steel  and  Iron,  1884. 

Grimshaw,  Robt Grimshaw  on  Saws,  1880. 

Steam  Engine  Catechism,  1889. 

Hints  to  Power  Users,  1891. 

Hartley,  F.  W Gas  Measurement  and  Gas  Meter  Testing,  1882. 

Hastings,  Chas.  W Gas  Works  Statistics,  1885. 

Haswell,  Chas.  H Mechanics  and  Engineers’  Pocket-Book,  1898. 

Hen  thorn  & Thurber The  Corliss  Engine,  1894. 

Herman  & Weisbach Mechanics  of  Hoisting  Machinery,  1893. 

Mechanics  of  Engineering  and  Machinery,  1883. 

Hiorns,  A.  H Iron  and  Steel  Manufacture,  1889. 

Hiscox,  G.  D Mechanical  Movements,  1899. 

Gas,  Gasoline  and  Oil  Vapor  Engines,  1898. 

Holmes,  Geo.  C.  V The  Steam  Engine,  1887. 

Marine  Engines  and  Boilers,  1889. 

Hornby,  John Gas  Engineers’  Laboratory  Hand-Book,  1894. 

Hovenden,  Fred What  is  Heat,  1894. 

Hughes,  Geo Construction  of  the  Modern  Locomotive,  1894. 

Hurst,  Geo.  H Lubricating  Oils,  Fats  and  Greases,  1896. 

Hutton,  F.  R Mechanical  Engineering  of  Power  Plants,  1897. 

Hutton,  W.  S Steam  Boiler  Construction,  1898. 

Jeams,  J.  S Steel,  Its  History,  Manufacture,  etc.,  1880. 

Kennedy,  A.  B.  W Compressed  Air,  1892. 

Kinealy,  J.  H Steam  Engines  and  Boilers,  1895. 

Klein,  J.  F Elements  of  Machine  Design,  1889. 

Langmaid  & Gaisford Steam  Machinery  and  the  Marine  Engine,  1893. 

Leash,  A.  R .Triple  Expansion  Engines  and  Boilers,  1892. 

Breakdowns  at  Sea  and  How  Repaired,  1894. 

Refrigerating  Machinery  and  Management,  1895. 

Ledoux,  M Ice-Making  Machines,  1879. 

Levan,  Wm.  B Management  of  Engines  and  Boilers,  1897. 

Lewis,  J.  S Commercial  Organization  of  Factories,  1896. 

Lieckfeld,  G Gas  and  Oil  Engines,  1896. 

Lukin,  J Turning  Lathes,  1890. 

MacCord,  Chas.  W Kinematics  or  Mechanical  Movements,  1883. 

Marks,  Wm.  D .The  Steam  Engine,  1889. 

Martin,  E.  A Story  of  a Piece  of  Coal,  1896. 

Metcalf,  Wm Steel,  1896. 

Meyer,  J.  G.  A Mechanical  Drawing  and  Mechanical  Design,  Vol.  I,  1898. 

Millis,  C.  T Metal  Plate  Work,  1893. 

Molesworth,  G.  L Pocket-Book  for  Mechanical  and  Civil  Engineers,  1899. 

Monroe,  R.  D Steam  Boilers,  Management  and  Construction,  1887. 

Muller,  F.  C.  G Krupp’s  Steelworks,  1898. 

Mullin,  J.  P Modern  Moulding  and  Pattern-Making,  1885. 

Newbegging,  Thos Gas  Engineers  and  Managers’  Hand-Book,  1898. 

Nichols,  Wm.  J Story  of  American  Coals,  1897. 


224 


LIBRARY  BOOK  LIST. 


Nichols,  Wm.  J 

O'Connor,  H 

Overman,  Fred’k 

Peabody,  Cecil  H 

Peabody  & Miller 

Phillips,  H.  J 

Phillips  & Prochaska. . 

Pickworth,  C.  N 

Poole,  H 

Preston,  Thos 

Band,  Addison  C 

Bankine, Wm.  J.  M.... 


Baymond,  J.  H 

Beagan,  H.  C.,  Jr. . 
Bedwood,  J.  I 

Beynolds,  Micah... 
Beynolds,  Osborne. 

Bichards 

Bobinson,  Henry. . 

Bobinson,  Wm 

Bose,  Joshua 


Bowan,  F.  J 

Bowan,  Thos 

Seaton,  A.  E 

Sennett,  Rich’d 

Smith,  J.  B 

Spencer,  Adam 

Spon,  E.  & F.  M 

Stahl,  A.  W 

Sturtevant,  B.  F 


Sutcliffe,  Geo.  W 

Tait,  P.  T 

Thompson,  G.  F 

Thurber  & Henthorn, 
Thurston,  Bobt.  H.. 


Tower,  G.  B.  N 
Tyndall,  John. 
Unwin,  Wm.  C 


.Coal  Catechism,  1898, 

Gas  Engineers’  Pocket-Book,  1898. 

Mechanics  for  Millwright,  Engineer,  etc.,  1867 
.Thermodynamics  of  the  Steam  Engine,  1890. 

.Steam  Boilers,  1897. 

.Fuel,  Solid,  Liquid  and  Gaseous,  1896. 

.Basic  Bessemer  Process,  1891. 

.The  Indicator  Hand-Book,  1898. 

.Calorific  Power  of  Fuels,  1898. 

.The  Theory  of  Heat,  1894. 

.Uses  of  Compressed  Air,  1894. 

.Mechanical  Text  Book,  1873. 

Cyclopaedia  of  Machine  and  Hand  Tools,  1869. 

Applied  Mechanics,  1869. 

Machinery,  and  Mill-Book,  1869. 

Manual  of  the  Steam  Engine,  1861. 

. .Report  on  Illuminating  Gas,  1883. 

[.Locomotive  Mechanism  and  Engineering,  1894. 

, .Ammonia  Refrigeration,  1895. 

Lubricants,  Oils  and  Greases,  1898. 

. .Stationary  Engine  Driving,  1882, 

. .Triple  Expansion  Engines,  etc.,  1890. 

. .Centrifugal  Pumps. 

. .Hydraulic  Power  and  Hydraulic  Machinery,  1887. 

. .Gas  and  Petroleum  Engines,  1890. 

. .Modern  Steam  Engines,  1886. 

Modern  Machine  Shop  Practice,  2 vols.,  1888. 

Steam  Boilers,  1889. 

. .Boiler  Incrustation  and  Corrosion,  1876. 

. .Coal,  Spontaneous  Combustion,  1882. 

.Manual  of  Marine  Engineering,  1883. 

.The  Marine  Steam  Engine,  1882. 

. .Treatise  on  Wire  Manufacture  and  Uses,  1891. 

, . .Roll  Turning,  1894. 

.Spon’s  Mechanics’  Own  Book,  1885. 

.Transmission  of  Power  by  Wire  Ropes,  1893. 

.Mechanical  Draft,  1898. 

Ventilation  and  Heating,  1899. 

.Steam  Power  and  Mill- Work,  1895. 

...Heat,  1884. 

.Acetylene  Gas  and  Calcium  Carbide,  1898. 

. . .The  Corliss  Engine,  1894. 

.Friction  and  Lost  Work  in  Machine  and  Mill  Work,  1891. 

Heat  as  a Form  of  Energy,  1890. 

History  of  Growth  of  Steam  Engine,  1878. 

.Useful  Things  About  Steam  Boilers,  1885. 

.Heat  as  a Mode  of  Motion,  1883. 

Development  and  Transmission  of  Power  from  Central  Station, 

1894. 


Van  Salruda 

Wallis-Taylor,  A.  J ..... . 

Watson,  E.  P 

Walft,  Alfred  R 

Weisbach  & Hermann  . 

Weisbach  & Dubois. . . . 


Elements  of  Machine  Design,  1877. 

Aerial  Navigation,  1894. 

.Refrigerating  and  Ice-Making  Machinery,  1896. 

Aerial  or  Wire-Rope  Tramways,  1898. 

.How  to  Run  Engines  and  Boilers,  1892. 

.Wind  Mills,  1885. 

.Mechanics  of  Hoisting  Machinery,  1893. 

Mechanics  of  Engineering  and  Machinery,  1883. 
.Mechanics  of  Engineering  and  Construction  of  Machines, 
II,  1878. 


Vol. 


LIBRARY  BOOK  LIST. 


225 


West,  T.  D American  Foundry  Practice,  1882. 

American  Foundry  Practice,  9th  Edition,  1897. 

Wilson,  W.  H Pattern  Making  and  Moulding,  1894. 

Wolff,  A.  R Wind  Mills,  1885. 

Wood,  De  Volsom The  Theory  of  Turbines,  1895. 

Thermodynamics,  Heat  Motors  and  Refrigerating  Machines, 
1891. 

Woolcombe,  W.  G Heat,  1893. 

Worthen,  Wm.  E Appleton’s  Cyclopaedia  of  Technical  Drawing,  1898. 

Wright,  Mark  R Heat,  1893. 

Yea,  John Steam  and  the  Marine  Engine,  1894. 

Zahner,  Robt Transmission  of  Power  by  Compressed  Air,  1878. 

ELECTRICAL  ENGINEERING. 

Abbott,  A.  V Electrical  Transmission  of  Energy,  1895. 

Allsop,  F.  C Induction  Coils  and  Coil  Making. 

Practical  Electric  Bell  Fitting,  1895. 

Practical  Electric  Light  Fitting,  1893. 

Telephones,  Their  Construction  and  Fitting,  1891. 

Anderson,  Rich’d Lightning  Conductors,  1879. 

Atkinson,  Phillip Elements  of  Dynamic  Electricity  and  Magnetism,  1891. 

Electric  Transmission  of  Power,  1893. 

Electricity  for  Everybody,  1895. 

Electric  Lighting,  1888 

Atwood,  L.  C Practical  Dynamo  Building,  1893. 

Badt,  F.  B Dynamo  Tenders’  Hand-Book,  1891. 

Electric  Transmission  Hand-Book,  1891. 

Bedell,  Fred’k Principles  of  the  Transformer,  1896. 

Bedell  &Crehore Alternating  Currents,  1893. 

Benjamin,  Park. The  Voltaic  Cell,  1893. 

Intellectual  Rise  in  Electricity,  1895. 

The  Age  of  Electricity,  1889. 

Berly Reynier’s  Voltaic  Accumulator. 

Bonney,  G.  E Induction  Coils,  1892, 

Electrical  Experiments. 

Electro  Platers’  Hand-Book,  1894. 

Bottone,  S.  R The  Dynamo,  How  Made  and  How  Used,  1884. 

Electric  Bells  and  All  About  Them,  1889. 

Guide  to  Electric  Lighting,  1892. 

Brackett,  O.  F.,  et  al Electricity  in  Daily  Life,  1891. 

Caillard,  E.  M Electricity,  1891. 

Carhart,  H.  S Primary  Batteries,  1891. 

Carter,  E.  T Motive  Power  and  Gearings  for  Electric  Machinery,  1896. 

Carus-Wilson,  C.  A Electro-Dynamics— Direct  Current  Motors,  1898. 

Cox,  F.  P Continuous  Current  Dynamos  and  Motors,  1893. 

Crocker,  F.  B Electric  Lighting,  1896. 

Crocker  & Wheeler Management  of  Dynamos  and  Motors,  1894. 

Crosby  & Bell The  Electric  Railway,  1892. 

Curry,  C.  E Theory  of  Electricity  and  Magnetism,  1897. 

Cushing,  H.  C.,  Jr Standard  Wiring  for  Electric  Light  and  Power,  1896. 

Davis,  C.  M Standard  Tables  for  Electric  Wiremen,  1893. 

Desmond,  Chas Electricity  for  Engineers,  1890. 

Dredge,  Jas.,  et  al ..Electric  Illumination,  Vol.  I,  1882. 

Electric  Illumination,  Vol.  II,  1885. 

Du  Moncel,  T Electricity  as  a Motive  Power,  1883. 

Dubois,  H The  Magnetic  Circuit,  1896. 

Elliott,  A.  G Industrial  Electricity,  1898. 


226 


LIBRARY  BOOK  LIST. 


Emtage,  W.  T.  A Electricity  and  Magnetism,  1891. 

Fable,  Angelo House  Lighting  by  Electricity,  1892. 

Faraday,  Michael Experimental  Researches  in  Electricity,  3 Vols.,  1839, 1844  and 

1855. 

Fiske,  B.  A Electricity  in  Theory  and  Practice,  1884. 

Fleming,  J.  A Short  Lectures  to  Electrical  Artisans,  1892. 

Alternate  Current  Transformers,  2 Vols.,  1889  and  1892. 
Electric  Lamps  and  Electric  Lighting,  1894. 

Fontaine,  H Electrolysis,  1885. 

Foote,  A.  R Economic  Value  of  Electric  Light  and  Power,  1889. 

Gerpil  & Kilgour Pocket-Book  of  Electrical  Engineering  Formulae,  1894. 

Gerard,  Eric Electricity  and  Magnetism,  1897. 

Gillett,  W The  Phonograph  and  How  to  Construct  It,  1892. 

Gladstone  & Tribe Chemistry  of  Secondary  Batteries,  1883. 

Gore,  G . . . . . Art  of  Electro-Metallurgy,  1891. 

Gray,  Andrew Magnetism  and  Electricity,  1898. 

Absolute  Measurements,  1889. 

Guiilemin,  A Electricity  and  Magnetism,  1891. 

Haskins,  C.  D Transformers,  1892. 

Hawkins  & Wallace The  Dynamo,  Theory,  Design  and  Manufacture,  1893. 

Heap Paris  Electrical  Exhibition  of  1881, 1884. 

Heaviside,  Oliver Electrical  Papers,  2 Vols.,  1892. 

Herrick,  A.  B Modern  Switchboards,  1898. 

Hedges,  K Continental  Electric  Light  Central  Stations,  1892. 

American  Electric  Street  Railways,  1894. 

Hertz,  H Electric  Waves,  1893. 

Hering,  Carl Universal  Wiring  Computor,  1891. 

Electric  Railways,  1892. 

Hickson Alternating  Currents  and  Machinery. 

Electro  Magnets  and  the  Construction  of  Dynamos. 

Holley,  Geo.  W Magnetism,  its  Potency  and  Action,  1894. 

Hopkins,  W.  J The  Telephone,  1898. 

Hopkins,  W.  J Telephone  Lines  and  Their  Properties,  1893. 

Hughes,  N The  Magneto  Hand  Telephone,  1894. 

Hopkinson,  Jno Original  Papers  on  Dynamo  Machinery,  1893. 

Hospitalier,  E Domestic  Electricity  for  Amateurs,  1885. 

Modern  Applications  of  Electricity,  Vol.  I,  1883. 

Modern  Applications  of  Electricity,  Vol.  II,  1887. 

Houston,  E.  J Electrical  Dictionary,  1889. 

Dictionary  of  Electrical  Words,  2 Vols.,  1898. 

Electrical  Measurements,  1893. 

Electricity  One  Hundred  Years  Ago  and  To-Day,  1894. 
Electric  Transmission  of  Intelligence. 

Electricity  and  Magnetism,  1897. 


Houston  & Kennedy Electric  Telegraphy,  1897. 

The  Electric  Telephone. 

Alternating  Electric  Currents,  1895. 

Electric  Heating,  1895. 

The  Electric  Motor  and  Transmission  of  Power,  1896. 
Electric  Incandescent  Lighting,  1896. 

Electric  Arc  Lighting,  1896. 

Magnetism,  1896. 

Recent  Types  of  Dynamo  Electric  Machinery,  1898. 
Electric  Street  Railways,  1896. 

Electricity  Made  Easy,  1898. 

Jackson,  D.  C.  and  J.  P. . .Alternating  Currents,  1896. 


Jackson,  D.  C Electro  Magnetism,  1893. 

Jenkin,  Fleming Electricity. 

Joyce,  Sami Examples  in  Electrical  Engineering,  1896, 


LIBRARY  BOOK  LIST. 


227 


Kapp,  Gisbert Electric  Transmission  of  Energy. 

Alternating  Currents  of  Electricity,  1898. 

Transformers  for  Single  and  Multiphase  Currents,  1896. 

Keenan  & Riley • • • - The  Transmitted  Word,  1893. 

Kempe,  H.  R Handbook  of  Electrical  Testing,  1881. 

Kilgour,  Swan  & Biggs. . .Electrical  Distribution. 

Kimber,  G.  H Electric  Wiring  Specifications,  1896. 

Langbein  & Brannt Electro  Deposition  of  Metals,  1894. 

Latimer,  L.  H Incandescent  Electric  Lighting,  1890. 

Lintern,  Wm The  Motor  Engineers’  and  Electrical  Workers'  Handbook 

1897. 

Lockwood,  T.  D Practical  Information  for  Telephonists,  1898. 

Lodge,  O.  J Modern  Views  of  Electricity,  1892. 

Lightning  Conductors  and  Lightning  Guards,  1892. 

Maver,  Wm.,  Jr American  Telegraphy,  1892. 

Maver  & Davis The  Quadruplex,  1893. 

Martin  & Wetzler The  Electric  Motor  and  Its  Applications,  1887. 

Martin,  Thos.  C Inventions,  Researches  and  Waitings  of  Nikola  Tesla,  1894. 

Mascart  & Joubert Electricity  and  Magnetism,  2 Vols.,  1883. 

Maycock.  W.  P Electric  Lighting  and  Power  Distribution,  1892. 

Maxwell,  J.  Clerk Electricity  and  Magnetism,  1873. 

Elementary  Treatise  on  Electricity,  1881. 

Meadowcroft,  W.  H The  A B C of  Electricity,  1888. 

Mendenthal,  T.  C A Century  of  Electricity,  1891. 

Merrill,  E.  A Tables  and  Formulas  for  Electric  Street  Railway  Engineers 

1894. 

Electric  Lighting  Specifications,  1892. 

Niaudet,  Alfred Electric  Batteries,  1882. 

Nichols,  E.  T A Laboratory  Manual  of  Physics  and  Electricity,  Voi.  I. 

1894. 

A Laboratory  Manual  of  Physics  and  Electricity,  Vol.  II. 
1894. 

Norrie Ruhmkorff  Induction  Coils. 

Palaz,  A Industrial  Photometry,  1896. 

Paterson,  Lummus. ...... .Management  of  Dynamos,  1895. 

Parshall  and  Hobart Armature  Windings,  1895. 

Parkhurst,  C.  D Dynamo  and  Motor  Building  for  Amateurs,  1893. 

Electric  Motor  Construction  for  Amateurs,  1892. 

Perry,  N.  W Electric  Railway  Motors,  iheir  Construction,  etc.,  1896. 

Plante Storage  of  Electric  Energy,  1887. 

Poole,  Jos The  Practical  Telephone  Handbook,  1891. 

Pope,  F.  L Evolution  of  Electric  incandescent  Lamp,  1889. 

The  Electric  Telegraph,  1891. 

Preece  and  Sivewright. . . . Telegraphy,  1891. 

Preece  and  Maier The  Telephone,  1889. 

Preece  and  Stubbs A Manual  of  Telephony,  1893. 

Prescott,  Geo.  B Dynamo  Electricity,  1884. 

Prindle,  H.  B Electric  Railway,  1890. 

Ram,  G.  S Incandescent  Lamp  Manufacture,  1893. 

Replogle,  M.  A Electricity  and  Water  Power,  1896. 

Robb,  R Electric  Wiring,  1896. 

Russell,  S.  A Electric  Light  Cables,  1892. 

Salamons,  D Management  of  Accumulators. 

Electric  Light  Installation,  Vol.  II,  1894. 

, Electric  Light  Installation,  Vol.  Ill,  1894. 

Schellen,  H Magneto-Electric  and  Dynamo-Electric  Machines,  1884. 

Siemens,  C.  W Siemens’  Scientific  Works,  1889. 

Slingo,  et  als Cyclopaedia  of  Electrical  Engineering,  2 vols.,  1891. 

Slingo  & Brooker Problems  and  Solutions  in  Electricity,  1895. 


228 


LIBRARY  BOOK  LIST. 


Slingo  & Brooker Electrical  Engineering,  1890. 

Sloane,  T.  O’C Standard  Electrical  Dictionary,  1892. 


How  to  Become  a Successful  Electrician,  1894. 
Arithmetic  of  Electricity,  1891. 

Electric  Toy-Making  for  Amateurs,  1892. 
Electricity  Simplified,  1891 . 


Snell,  A.  T .Electric  Motive  Power,  1894. 

Spons Practical  Electrics,  4th  Edition. 

Sprage,  Jno.  T .-Electricity,  Its  Theory,  Sources  and  Application,  1892. 

Steimmetz Alternating  Current  Phenomena. 

Still,  Alfred Alternating  Currents  and  Transformers,  1898. 

Swinburne,  Jas The  Measurement  of  Electric  Currents,  1893. 

Symons,  G.  J Report  of  Lightning-Rod  Conference,  1882. 

Tesla,  Nicola Experiments  with  Alternate  Currents,  1892. 

Thom  and  Jones Telegraphic  Connections  and  Quadruplex  Telegraphy,  1892. 

Thompson,  S.  P Dynamo  Electric  Machinery,  2 vols.,  1897. 


Electricity  in  Mining,  1891. 

Polyphase  Electric  Currents,  1895. 

Polyphase  Electric  Currents,  1897. 

Electro-Magnet  and  Electro-Magnetic  Mechanism,  1891. 
Elementary  Electricity  and  Magnetism,  1881. 

Latest  Dynamo-Electric  Machines,  1897. 

Dynamo-Electric  Machinery,  1886. 

Dynamo-Electric  Machinery,  1892. 

Thompson,  J.  J Recent  Researches  in  Electricity  and  Magnetism,  1893. 

Thompson,  E.  P Rontgen  Rays,  and  Phenomena  of  Anode  and  Cathode,  1896. 


Treadwell.  A The  Storage  Battery,  1898. 

Trevert,  E.  W Electric  Railway  Engineering,  1892. 

Trowbridge,  Jno What  is  Electricity?  1896. 

Tungelmann,  G.  W Electricity  in  Modern  Light,  1889. 

Urquhart,  J.  W Dynamo  Construction,  1891. 

Electro  Motors,  1882. 

Electric  Ship-Lighting,  1892. 

Verity,  J.  B Electricity  Up  to  Date,  1894. 

Von  Urban ilsky,  A.  R Electricity  in  the  Service  of  Man,  1893. 

How  to  Light  a Colliery  by  Electricity. 

Walker,  S.  F Electric  Lighting  for  Marine  Engineers,  1896. 

Electricity  in  Our  Homes  and  Workshops,  1889. 

Webb,  H.  L Testing  Insulated  Wires  and  Cables,  1895. 

Webster,  A.  G Theory  of  Electricity  and  Magnetism,  1897. 

Wiener Dynamo-Electric  Machines. 

Wilkinson,  A.  D Submarine  Cable -Laying  and  Repairing,  1896. 

Whetham,  W.  C.  D Solutions  and  Electrolysis,  1895. 

Wormell •. Electricity  in  the  Service  of  Man. 

Wright,  Lewis Induction  Coils,  1897. 

Philadelphia  Electrical  Conference,  1884. 

American  Institute  of  Electrical  Engineers’  Transactions 
1884. 

Proceedings  of  International  Electric  Congress,  1893. 


MINING,  METALLURGY  AND  GEOLOGY. 


Abel,  Fred’k  A Mining  Accidents,  1889. 

Anderson,  J.  W The  Prospector’s  Hand  Book,  1888. 

Atkinson,  J.  J The  Friction  of  Air  in  Mines,  1875. 

Berthelot  & Braun Explosive  Materials,  1883. 

Blair,  A.  A The  Chemical  Analysis  of  Iron,  1888. 

Boyd,  R.  Nelson Coal  Pits  and  Pitmen,  1892. 


library  book  list. 


Charleton,  A.  G Tin,  Mining,  Dressing  and  Smelting,  1884. 

Cornwall,  H.  B Manual  of  Blowpipe  Analysis,  1888. 

Crookes  and  Rohrig Kerl’s  Metallurgy,  Vol.  1, 1868. 

Kerl’s  Metallurgy,  Vol.  II,  1869. 

Dana,  Edwd.  S Minerals  and  How  to  St  udy  Them,  1895. 

Dana,  Jas.  D Manual  of  Geology,  1879. 

The  Geological  Story,  briefly  told,  1875. 

Eissler  M The  Metallurgy  of  Gold,  1888. 

Egleston,  Thos  . . . . . The  Metallurgy  of  Silver,  Gold  and  Mercury  in  the  U.  S.,  Vol. 

I,  1887. 

The  Metallurgy  of  Silver,  Gold  and  Mercury  in  the  U.  S.,  Vol. 

II,  1890. 

Fletcher,  E.  L Quantitative  Assaying  with  the  Blowpipe,  1894. 

Foye,  J.  C Mineralogy,  1890. 

Geikie,  A Classbook  of  Geology,  1891 . 

Gilpin,  Edwin Mines  of  Nova  Scotia,  1880. 

Gore,  G Art  of  Electro-Metallurgy,  1891. 

Greene,  Homer .Coal  and  the  Coal  Mines,  1890. 

Guttmann,  O Blasting,  1892. 

Manufacture  of  Explosives,  2 vols.,  1895. 

Hale,  P.  M Industries  of  North  Carolina,  1883. 

Harker.  Alfred Petrology  for  Students,  1895. 

Hildenbrand.  W Underground  Haulage  of  Coal  by  Wire  Rope,  1884. 

Hiorns,  A.  H Mixed  Metals  or  Metallic  Alloys,  1890. 

Hoffman,  H.  O The  Metallurgy  of  Lead,  1893. 

Hopton,  Wm , Conversation  on  Mines,  1890. 

Howe,  H.  M The  Metallurgy  of  Steel,  1891. 

LeConte,  Joseph Elements  of  Geology,  1891. 

Lesley,  J.  P Geological  Survey  of  Pennsylvania,  Vol.  Ill,  Part  1. 1895. 

Geological  Survey  of  Pennsylvania,  Vol.  Ill,  Pait  II,  1895. 

Louis,  Henry A Hand  Book  of  Gold  Milling,  1894. 

Lupton,  Arnold Mining,  1893. 

Meade,  Rich’d The  Coal  and  Iron  Industries  of  the  United  Kingdom,  1882. 

Merrill,  Geo.  P Rocks,  Rock  Weathering  and  Soils,  1897. 

Moses  & Parsons Elements  of  Mineralogy  and  Crystallography,  1895. 

Nicolls,  Wm.  J Story  of  American  Coals,  1897. 

Coal  Catechism,  1898. 

Patton,  J.  H Natural  Resources  cf  the  United  States,  1894. 

Percy,  John....- Metallurgy,  1875. 

Metallurgy,  Part  I,  1880. 

The  Metallurgy  of  Lead,  1870. 

Peters,  Edw’d  D Modern  Copper  Smelting,  1887. 

Phillips,  J.  A Ore  Deposits,  1884. 

Elements  of  Metallurgy,  1887. 

Phillips,  J.  S The  Explorers  and  Assayers’  Companion,  1881. 

Porter,  Rob’t  P Report  on  Mineral  Industries  in  U.  S.,  1890. 

Pulsifer,  W,  H Notes  for  a History  of  Lead,  1888. 

Roberts- Austen,  W.  C An  Introduction  to  the  Study  of  Metallurgy,  1891. 

Rose,  T.  K The  Metallurgy  of  Gold,  1894. 

Roth  well,  R.  P The  Mineral  Industry.  Vol.  I,  1892 


The  Mineral  Industry,  Vol.  II,  1893. 

The  Mineral  Industry,  Vol.  Ill,  1894. 

The  Mineral  Industry,  Vol.  IV,  1895. 

The  Mineral  Industry  to  the  End  of  1896,  Vol.  V,  1897. 
The  Mineral  Industry  to  the  End  of  1897,  Vol,  VI,  1898. 
The  Mineral  Industry  to  the  End  of  1898,  Vol.  VII,  1899. 


Sanford,  P.  G Nitro-Explosives,  1896. 

Saward,  F.  E The  Coal  Trade,  1892. 

The  Coal  Trade,  1893 


230 


LIBRARY  BOOK  LIST. 


Statefeldt,  C.  A. The  Lixiviation  of  Silver  Ores,  1888. 

Russell’s  Improved  Process  for  the  Lixiviation  of  Silver  Ores. 

Tarr.  R.  S Economic  Geology  of  the  U.  S.,  1894. 

Thompson,  Sir  Wm Popular  Lectures  and  Addresses,  1894. 

West,  Thos.  D Metallurgy  of  Cast  Iron,  1897. 

Wilson,  E.  B Cyanide  Processes,  1896. 

Hydraulic  and  Placer  Mining,  1898. 

Winchell,  Alex Geological  Excursions,  1889. 

Geological  Studies,  1889. 

Wisser,  Jno.  P Modern  Gun  Cotton,  1886. 

Explosive  Materials,  1898. 

Wright,  G.  F The  Ice  Age  in  North  America,  1889. 

The  Iron  and  Steel  Institute  of  America,  1890. 

The  Mine  and  Quarry  News  Bureau,  1897. 

The  Mine,  Quarry  and  Metallurgical  Record. 

School  of  Mines  Quarterly,  May,  1882. 


CHEMISTRY  AND  PHYSICS. 


Abney,  Capt.  W.  de  W Color  Vision,  1895. 

Arnott,  Neil Elements  of  Physics,  1880. 

Austen.  P.  T Notes  for  Chemical  Students,  1898. 

Bamber,  E.  F Siemens  Scientific  Works,  1889. 

Ball,  W.  W.  Rouse An  Essay  on  Newton’s  Principia,  1893. 

Barbury,  S.  H Kinetic  Theory  of  Gases,  1899. 

Barker,  Geo.  F Physics,  1892. 

Bowney,  T.  G The  Year  Book  of  Science,  1893. 

Classen,  Alex Quantitative  Chemical  Analysis  by  Electrolysis,  1888. 

Everett,  J.  D Deschanel’s  Natural  Philosophy,  1891. 

C.  G S.  System  of  Units,  1891. 

Frankland, Percy  and  Mrs.Micro-Organisms  in  Water,  1894. 

Ganot Elementary  Treatise  on  Physics,  1883. 

Helm,  Geo The  Principles  of  Mathematical  Chemistry,  1897. 

Hopkins,  Wm.  J Preparatory  Physics,  1894. 

Hopkins,  Geo.  M Experimental  Science,  1893. 

Kimball,  A.  L Gases,  Physical  Properties  of,  1890. 

Landauer,  Jno Spectrum  Analysis,  1898. 

Leet,  A.  L Petroleum  Distillation,  1884. 

Lietze,  Ernst Modern  Heliographic  Processes,  1888. 

Loudon  and  McLennan. . .Experimental  Physics,  1895. 

Lunge,  Geo A Treatise  on  the  Distillation  of  Coal  Tar  and  Ammonia 

Liquor,  1882. 

Coal  Tar  and  Ammonia,  1887. 

Meldola,  Raphael The  Chemistry  of  Photography,  1889. 

Mill,  H.  R The  Realm  of  Nature,  1892. 

Molloy,  G Gleanings  in  Science,  1888. 

Morgan,  J.  L.  R Theory  of  Solution  and  its  Results,  1897. 

Newman,  Geo Bacteria,  1899. 

Pattison,  Muir Principles  of  Chemistry,  1889. 

Permain  and  Moor Applied  Bacteriology, 

Ostwald,  W Analytical  Chemistry,  1865. 

Risteen,  A.  D Molecules  and  Molecular  Theory,  1895. 

Schenck,  S.  L Elements  of  Bacteriology,  1893. 

Siemens,  C.  W. Siemens  Scientific  Works,  1889. 

Sloane,  T.  O’Conor Liquid  Air  and  Liquefaction  of  Gases,  1899. 

Spencer,  G.  L A Hand  Book  for  Chemists  of  Beet  Sugar  Houses,  1897. 

Stewart  & Gee Elementary  Practical  Physics,  Vol.  I,  1885. 

Elementary  Practical  Physics,  Vol.  II,  1887. 


LIBRARY  BOOK  LIST. 


231 


Stillman,  F.  B.. 

Tait,  P.  G 

Tilden,  Wm.  A 
Tillman,  S.  E. . 
Tyndall,  Jno. . . 


Vulte  & Neustadt 

Wagner,  R 

Wagner,  R.  von 

Whetham,  W.  C.  D 

Wiley,  H.  W 


Wood,  De  Yolsom 


.Engineering  Chemistry,  1897. 

.Properties  of  Matter,  1885. 

.Progress  of  Scientific  Chemistry,  1899. 

.Descriptive  General  Chemistry,  1899. 

.Light  and  Electricity,  1871. 

On  Sound,  1891. 

On  Light,  1889. 

.Laboratory  Manual  of  Inorganic  Preparations,  1895. 
.A  Hand  Book  of  Chemical  Technology.  1872. 
'.Handbuch  der  Chemischen  Technologie,  2 vols.,  1886. 
.Solution  and  Electrolysis,  1895. 

.Agricultural  Analysis  (Soils),  1894. 

Agricultural  Chemical  Analysis,  Yol.  Ill,  1897. 
Agricultural  Analysis  (Fertilizers),  1895. 

.The  Luminiferous  Ether,  1880. 


LANDSCAPE  GARDENING  AND  TIMBER  PHYSICS* 

Atlett,  W.  H English  Trees  and  Tree  Planting,  1880. 

Apgar  AC  Trees  of  Northern  United  States, 

Britton  T A A Treatise  on  Dry  Rot  in  Timber,  1875.  . 

Brisbin ’ J S Trees  and  Tree  Planting,  1888. 

Browne,  D.  J The  Trees  of  America  1857, 

Egleston,  N.  H Hand  Book  of  Tree  Planting,  1884. 

Elliott  F.  R Lawn  and  Shade  Trees,  1868. 

Emerson,  G.  B. . Trees  and  Shrubs  of  Massachusets,  1846. 

Furst  H The  Protection  of  Woodlands,  1893. 

Hartig  B.  Text  Book  on  Diseases  of  Trees,  1894. 

Houston,  -K  j! Outlines  of  Forestry,  1893. 

Jonssen-Rose Lawns  and  Gardens,  1897 

Kemp,  Edwd Landscape  Gardening,  3d  ed.,  1894. 

King,  F.  H The  Soil,  1895. 

Laslett,  Thos Timber  and  Timber  Trees. 

Lubbock,  Jno Seedlings,  Yol  I,  1892. 

Seedlings,  Yol.  II,  1892. 

Newhall,  C.  S The  Leaf  Collector's  Hand  Book,  1891. 

Parsons.’ Sami'.,*  Jr Landscape  Gardening,  1891. 

Parsons,  Sami.,  Jr How  to  Plan  the  Home  Grounds,  1899. 

Stevenson  W The  Trees  of  Commerce. 

Stewart,  Henry Irrigating  for  Farm,  Garden  and  Orchard,  1886. 

Ward  H.  M The  Oak. 

Timber  and  Some  of  Its  Diseases,  1889. 

Waugh  F A Landscape  Gardening,  1899. 

N Y.  Forest  Commission.  .Special  Report  on  Adirondack  State  Park  1891. 

Department  of  Agriculture,  Year  Book,  1895. 


SURVEYING,  MATHEMATICS  AND  MAPPING* 


Baker,  Ira  O 

Ball,  W.  W.  Rouse, 
Barnard,  F.  A.  P. . 
Byerly,  Wm.  E . . . . 

Carll,  L.B 

Clarke,  A.  R 

Davies,  Chas 


Leveling;  Barometric,  Trigonometric,  etc..  1887. 
.Mathematical  Recreations  and  Problems,  1896. 
.The  Metric  System,  1872. 

.Elements  of  Integral  Calculus,  1890. 

.Treatise  on  the  Calculus  of  Yariations,  1881. 
.Comparisons  of  Standards  of  Length,  1866. 

.The  Metric  System,  1871. 


232 


LIBRARY  BOOK  LIST. 


Duffield,  W.  W Logarithmic  Tables,  1897. 

Gore,  J.  H Geodesy,  1891. 

Gould,  E.  Sherman A Primer  of  the  Calculus,  1896. 

Jackson,  Geo The  Metric  System,  1889. 

Jacoby,  H.  S Plain  Lettering. 

Jessop,  C.  M Elements  of  Applied  Mathematics,  1894. 

Johnson,  W.  W Theory  of  Errors  and  Method  of  Least  Squares,  1896. 

Merriman,  M Geodetic  Surveying,  1893. 

Merriman  & Woodward. . .Higher  Mathematics,  1896. 

Middleton,  G.  A.  T Surveying  and  Surveying  Instruments,  1894. 

Newcomb,  S The  Essentials  of  Trigonometry,  1884. 

Putnam,  J.  P The  Metric  System,  1874. 

Reinhardt Lettering,  1895. 

Robinson,  J.  L A Treatise  on  Marine  Surveying,  1882. 

Runkle,  J.  D Elements  of  Plane  Analytic  Geometry,  1888. 

Smith,  Chas .*. Geometrical  Conics,  1894. 

Specht,  Geo.  C.,  et  al Topographical  Surveying,  1884. 

Townsend,  Rev.  Rich Chapters  on  Modern  Geometry,  1863. 

Whymper,  Edwd Aneroid  Barometer,  1891. 

Williamson,  R.  S The  Barometers  in  Surveys  and  Reconnoissances,  1868. 

Winslow,  Arthur Stadia  Surveying,  1892. 

Wurtele,  A.  S.  C Standard  Measures  of  the  United  States,  1882. 

Zirvet,  Alex Treatise  on  Theoretical  Mechanics,  1894. 

Report  of  Coinage  Weights  and  Measures  Committee,  1879. 


ASTRONOMY  AND  NAVIGATION. 


Ball,  R.  S The  Story  of  the  Heavens,  1891. 

Bowditch,  N The  New  American  Practical  Navigator,  1861. 

Brainard,  F.  R The  Sextant,  1891. 

Chambers,  Geo.  F Astronomy,  Vol.  1, 1889. 

Astronomy,  Yol.  II,  1890. 

Astronomy,  Yol.  Ill,  1890. 

Chouvenet,  Wm Spherical  and  Practical  Astronomy,  1864. 

Spherical  and  Practical  Astronomy,  Voi.  II,  1868. 

Clark,  Lewis Theoretical  Navigation,  1872. 

Davis,  J.  W Dynamics  of  the  Sun,  1891. 

English,  Y.  J Navigation  for  Yachtsmen,  1896. 

Flight,  W . . .The  History  of  Meteorites,  1887. 

Frost,  E.  B Astronomical  Spectroscopy,  1894. 

Greene,  Dascom Spherical  and  Practical  Astronomy,  1891. 

Henderson,  W.  J The  Elements  of  Navigation. 

Lecky,  S.  T.  S General  Utility  ABC  and  D Tables,  1897. 

Lee,  T.  J Astronomical  Tables  and  Formulae,  1893. 

Lockyer,  J.  N The  Meteoritic  Hypothesis,  1899. 

Luce,  Com.  S.  B Tex£  Book  of  Seamanship,  1898. 

Mitchel,  O.  M Popular  Astronomy,  1860. 

Nasmyth  & Carpenter  . . . .The  Moon,  1885.. 

Oliver,  J.  A.  W Astronomy  for  Amateurs,  1888. 

Proctor.  R.  A The  Universe  of  Suns,  1884. 

The  Expanse  of  Heaven,  1889. 

Roberts,  F.  C The  Figure  of  the  Earth,  1885. 

Serviss,  G.  P Astronomy  with  an  Opera  Glass,  1890. 

Thompson,  Sir  Wm Popular  Lectures  and  Addresses,  1891. 

Tyndall,  Jno New  Fragments,  1892. 

Young,  C.  A The  Sun,  1890. 


LIBRARY  BOOK  LIST, 


233 


METEOROLOGY* 

Davis,  Wm.  M Whirlwinds.  Cyclones  and  Tornadoes,  1884. 

Elementary  Meteorology,  1894, 

Draper,  Daniel New  York  Meteorological  Records,  1878-1895, 1896,  1897,  1898, 

and  1899. 

Espy,  Jas.  P Meteorological  Report  to  United  States  Government,  1854. 

Ferrell,  Wm Winds,  1889. 

Finley.  J.  P Tornadoes,  1887. 

Greely American  Weather,  1888. 

Hazen,  H.  A The  Tornado,  1890. 

Huxley,  T.  H Physiography,  1878. 

Jackson,  L.  D.  A Modern  Meteorology,  1882. 

Parnell,  Arthur Action  of  Lightning,  1882. 

Perley,  Sidney Historic  Storms  of  New  England,  1891. 

Prince,  J.  J Physiography,  1888. 

Russell,  Thos Meteorology,  1895. 

Spader,  P.  Y Weather  Record,  New  Brunswick,  N.  J.,  1847-1890, 

Spang,  H.  W Lightning  Protection,  1877. 

U.  S.  Weather  Bureau Reports  of  Chief,  1891-1896. 

Reports  International  Meteorological  Congress,  Chicago,  1893. 

Waldo,  Frank Modem  Meteorology,  1893. 

Williamson,  R.  S Use  of  the  Barometer,  1868. 

INDEXES. 

American  Institute  Min- 
ing Engineers Index  to  Transactions,  3 vols.,  1871  to  1895. 

Association  of  Engineer- 
ing Societies Index  of  Current  Engineering  Literature,  1884-1891. 

Franklin  Institute  Jour- 
nal  Index,  2 vols.  1826  to  1895. 

Galloupe,  F.  E An  Index  to  Engineering  Periodicals,  1883-1837. 

Haferkorn,  H.  E Handy  Lists  of  Technical  Literature,  2 vols.,  1880  to  1888. 

Johnson,  J.  B Engineering  Index,  1892-1895. 

Society  of  Engineers Index  to  Transactions,  1857-1898. 

The  Engineering  News General  Index— Engineering  News,  1874-1890. 


I 


E BURHORN,  M.  E.  A.  D.  GRANGER,  C.  E. 

BURHORN 

AND 

GRANGER, 

95-97  LSBERTY  ST.,  NEW  YORK. 

Stephen  Girard  bldg.,  phila. 

Enginesjoilers,  Stacks,  Tanks. 

COMPLETE  STEAM  PLANTS. 


Sales  Agents. 

STEARNS  MFG.  CO.,  WOODBURY  ENGINES, 
Erie,  Pa.  Special  Machinery. 
UNION  IRON  WORKS,  BOILERS,  TANKS,  Etc. 
Erie,  Pa. 

PHILA.  CORLISS  EN= 
PHILADELPHIA  ENGI-  GINES,  Self-Support- 
NEERING  WORKS.  ing  Stacks. 
HARRISBURG  MFG.  & STAR  WATER  TUBE 
BOILER  CO.  BOILERS, CASTINGS. 


TELEPHONE  CALL, 
1515  CORTLANDT u 


Headquarters  for  Hair  Felt,  Mineral  Wool. 
Asbestos  Papers,  Brine  Pipe  Coverings,  etc. 


Estimates  Furnished  and 
Contracts  Executed. 


ii 


Asphalt  # 

# Pavements. 


The  Best . . 

Tears  of . . 

Material.  . . 
The  Highest 

Experience. . 
Contracts . . 

Workmanship 

■pavement  If 

Fulfilled. . . 

mm  ~3  of  G~  / um 

The  Best . . 

i|!Iamerica/J|p 

Most  Approv- 

Machinery.. 

ed  Methods. 

For  Particulars  and  Terms  apply  to 

yHE  BARBER  ASPHALT 

PAVING  COMPANY, 

11  Broadway,  New  York. 


m 


EASTERN  BERMUDEZ  . ^ 
01  ASPHALT  PAVING  CO., 

Contractors  for 

Bermudez  Lake  Asphalt  Pavements, 
Water-Tight  Flooring, 
Reservoir  Lining,  Cellars,  etc. 

MAIN  OFFICE,  11  BROADWAY,  NEW  YORK. 

Telephone,  612  Broad, 


Brooklyn  Plant: 

STAGG  STREET  and  MORGAN  AVE  , 
BROOKLYN,  N.  Y. 


Washington  Plant: 
LITTLEFIELD’S  WHARVES, 
WASHINGTON,  D.  C. 


IV 


The  Brooklyn  Alcatraz  Asphalt  Co. 


William  Kelly,  president.  T.  F.  Byrnes,  vice-president. 


Asphalt  Paving 

SIDEWALKS  AMD  CELLARS, 


Third  Street, 

Near  Third  Avenue,  BROOKLYN,  N*  Y* 

(GOWANUS  CANAL.) 


Telephone  No.  1384=  Main. 


V 


Alcatraz  Asphalt 

A Pure  Natural  Bitumen 

Guaranteed  free  from  Coal  Tar  or  Petroleum  Residuum. 


Asphalt  Paving  Cement,  Asphalt  Reservoir  Cement,  Asphalt  Con 
crete  Cement , Asphalt  Roofing  Cement,  Asphalt  Varnish 
and  Paint  Base,  Asphalt  Pipe  Dip, 

Liquid  Asphalt , etc.,  etc . 


Reservoir 
Lining. . . 


tTlcatra? 

A A 

iSPHALL 


THE  MATERIAL  OF  WHICH  A RESERVOIR  LINING  IS  COM- 
POSED  SHOULD  BE  UNAFFECTED  BY  WATER . 

PORTIONS  OF  THE  ALCATRAZ  DEPOSITS  ARE  COMPLETELY 
SUBMERGED  IN  THE  PACIFIC  OCEAN 

THESE  OUTCROPS  ARE  UNCHANGED  AFTER  AGES  OF  SUCH 

EXPOSURE. 


Write  us  about  it. 

GENERAL  EASTERN  OFFICE, 

3 WEST  29TH  STREET, 

NEW  YORK  CITY. 

The  Alcatraz  Company, 

CROCKER  BUILDING, 


SAN  FRANCISCO,  CAL. 


Asphalt  Pavements. 

(j  ener  2I  — — _ — ^ 

^^Contractors. 

^ ^ ^ 

215  Montague  Street, 


Brooklyn,  N.  Y. 


VII 


Are  you  interested  in  RQSENDALE  CEMENT? 


This  is  the  case  with  COMMERCIAL 
ROSENDALE:  it  is  of  a Portland  nature. 

Over  150,000  bbls.  have  been  used  in 
the  City  of  Brooklyn  for  street  work 
by  the  Asphalt  companies  since  1896. 


APPLY  FOR  FURTHER  INFORMATION  TO 


comm  wood  m cement  ci„ 


156  Fifth  Avenue,  New  York,  N.  Y., 
And  Girard  Building,  Phiia.,  Pa. 


IF  SO,  INVESTIGATE  THE  MERITS  OF 


VIII 


R.  C.  PENFIELD,  R.  W.  LYLE,  W.  J.  BURKE, 

President,  Sec'y  and  Manager.  Treasurer. 

AMERICAN  VITRIFIED 

Conduit  Company. 

Vitrified  Salt  Glazed  Underground 
and  Interior  Conduits. 

Contractors  for  Complete  Installation  of 
Conduit  Systems. 


GENERAL  OFFICE: 

39-41  CORTLANDT  STREET, 

NEW  YORK. 


Long  Distance  Telephone, 
128  CORTLANDT, 


IX 


Brown  & Fleming, 

Contracting  Dealers 

IN 


Stone,  Sand 

AND 


No.  1 29  Broad  Street, 


NEW  YORK.  j» 


telephones: 


x 


1250  MAIN. 

196  BEDFORD, 

82  BATH  BEACH. 


John  F.  Maillie, 


1229-1253  Prospect  Place, 

BROOKLYN,  N.  Y. 


* ESTIMATES  FOR  ** 

MACADAM,  GRANITE,  BELGIAN, 

ASPHALT,  and  COBBLE  PAVEMENTS, 

SEWERS,  CELLAR  EXCAVATIONS, 

SAND  AND  GRAVEL, 

BUILDING  and  BROKEN  STONE, 


XI 


JOSEPH  CACCAVAJO, 

CONSULTING  and  CONTRACTING  ENGINEER,  CITY  SURVEYOR. 


STEAM  AND  ELECTRIC  RAILWAYS,  SEWERAGE, 

ROAD  IMPROVEMENTS,  PAVING  AND 

GENERAL  MUNICIPAL  WORK. 


PLANS,  SPECIFICATIONS  AND  REPORTS  ON  STREET  RAILWAYS 
AND  MUNICIPAL  WORK. 

WORK  UNDERTAKEN  IN  ANY  PART  OF  THE  UNITED  STATES,  MEXICO  AND 

WEST  INDIES. 


VANDERBILT  BUILDING^ 

132  Nassau  Street,  New  York  City. 


President : 

Putnam  granite  Co  , 

Quarries  at  Brewster,  New  York. 


Member 

MECHANICS’  AND  TRADERS’  EXCHANGE, 
359  Fulton  Street.  Brooklyn. 


PATTERSON,  GOTTFRIED  & HUNTER,  Limited, 

Machinery,  Metals, 


vV 


Tools  and  Supplies, 


4 


146-150  CENTRE  STREET,  NEW  YORK. 


TELEPHONE: 


930  FRANKLIN. 

931  FRANKLIN. 
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^l)i$  Book  u?as~  Printed  > _ # 


bp 


Che  Cocnins  Post 


lob  printing  Rouse, 

156  Pulton  Street, 
new  york. 


Other  printing,  of  wbateuer  nature, 
will  be  done  equally  well.^^t^^** 
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William  H.  Childs, 
President. 


Frederick  L.  Kane, 
Vice-Prest.  and  General  Manager. 


Henry  G.  Homer, 
Sec.  and  Ttfeas. 


Capital,  $500,000. 

COMMONWEiLTH  ROOFING  CIINIT, 

Wnrren-Ehret  Co  of  N Y.;  New  York  Roofing  Co.;  Corains  & Evans;  Mica  Roofing 
Co ^Rootog  Dept  ; Warren  Chemical  & Mfg.  Co.,  Roofing  Dept.;  Yonkers 
Roofing  and  Concrete  Co. 


GRAVEL  ROOFING, 

WATER-TIGHT  CELLARS,  BRICK  AND  TILE  ROOFING, 

EHRET’S  SLAG  ROOFING  (Patented), 

Warren’s  Anchor  Brand,  Natural  Asphalt  Roofing, 

ASPHALT  FLOORS. 


General  Offices,  100  William  Street,  New  York. 

BRANCHES  AT 

New  York,  Brooklyn,  Greenpoint,  Jersey  City,  Newark,  Yonkers,  Paterson, 


ACRES  of  our  Gravel  and  Slag  Roofing  are  in  use  on  the  best  buildings  of 
u the  New  York  Central  and  Hudson  River  Railroad  Company,  Penn- 
sylvania Railroad  Company,  Delaware,  Lackawanna  and  Western 
Railroad  Company,  Metropolitan  Street  Railway  Company,  General  Electric 
Company,  New  Boston  Terminal  Station,  Long  Island  Railroad  Company, 
Standard  Oil  Company,  all  Brooklyn  Sugar  Refineries,  and  many  other  large 
Corporations* 

Between  1883  and  1900,  we  applied  on  various  buildings  (mostly  manu- 
facturing plants),  for  the  Flynt  Building  and  Construction  Company,  over 
3,000,000  square  feet,  ABOUT  70  ACRES,  of  our  5-ply  roofs,  all 
guaranteed  for  10  years,  and  we  have  not  been  required  to  do  any  work  under 
these  guarantees,  nor  have  we  had  a single  complaint  of  leakage  in  this  vast 
area  of  roofing*  


OWEN  McBREEN,  Manager, 

GREENPOINT  BRANCH, 

49  Greenpoint  Ave.,  BROOKLYN. 


CHAS.  W.  COM  INS,  Manager, 

BROOKLYN  BRANCH, 

45  Waverly  Ave.,  BROOKLYN. 


XIV 


NASSAU  COAL  CO., 

DEALERS  IN 

CO  A Land.  WOOD, 


Telephone,  265  Flatbush. 

Manhattan  Beach  R.  R.  and  Nostrand  Ave.,  BROOKLYN,  N.  Y. 

NASSAU  CONSTRUCTION  £0., 

General  Contractors, 


OFFICE  AND  YARD  : 

2226  to  2238  Nostrand  Ave.,  bet.  Aves.  H.  & /. 

Telephone,  265  Flatbush. 


Frank  J.  Gallagher, 

General  Contractor, 

574  PARK  PLACE. 

Grading,  Sewering,  and  Water  Mains  Laid. 

Paving,  Macadam,  Granite,  Belgian  and  Cobble. 

SAND,  CELLAR  EXCAVATION,  AND  BUILDING  STONE. 


ESTIMATES  FURNISHED. 
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Venturi  Meters 

FOR  MEASUREMENT  OF 

LARGE  VOLUMES  OF  WATER. 


METERS,  THIRTY  INCHES  OR  LARGER. 

IN  CONSTANT  SERVICE  IN  THE  CITIES  OF 

Newark,  Paterson  and  Jersey  City,  N.  J.; 

Denver,  Colo.; 

Worcester,  Boston  and  Cambridge,  Mass.; 
Allegheny,  Philadelphia,  Reading  and  Scranton,  Pa.; 
Albany,  Buffalo  and  Brooklyn,  N.  Y.; 

Hartford  and  Waterbury,  Conn.; 

St.  Paul,  Minn.; 

Ogden,  Utah; 

Vienna,  Austria; 

London,  Newcastle  and  Plymouth,  England, 

AND  OTHERS. 

AWARDS- 

Rowland  Prize,  from  Am.  Society  of  Civil  Engineers, 
Highest  Award  World’s  Columbian  Exposition. 
Elliott  Cresson  Gold  Medal, 

Franklin  Institute,  Philadelphia,  Pa., 

John  Scott  Legacy  Medal, 

Franklin  Institute,  Philadelphia,  Pa. 


Builders  Irom  Foundry, 

PROVIDENCE,  R.  I. 
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Tobin  Bronze, 


T 


— — TRADE-MARK  (REGISTERED) = 

HE  HULLS  OF  THE  CUP  DEFENDERS 
“ COLUMBIA”  AND  “VIGILANT”  ARE 
Constructed  of  “T  OBIN  BRONZE  PLATES 


MANUFACTURED  BY 


THE  MSIHli  BRASS  AND  COPPER  CO. 


New  York 
Office 


No.  99 

John  Street 


U 


T 


SOLE  MANUFACTURERS  OF 

OBIN  BRONZE” 


Plates,  Rudders,  Centre-Boards,  Etc. 


...send  for  descriptive  pamphlet... 

MANUFACTURERS  OF 

Brass  and  Copper  Sheets,  Rods,  Wire,  Etc. 
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■^E  cut  to  Sketch,  Bend,  Coil,  Weld  Pipe,  and  our 
Machine  Shop  is  equipped  for 

REPAIRS  AND  NEW  WORK. 


EASTERN  AGENTS: 

TRADE  <D  MARK. 

JARECKI  MANUFACTURING  COMPANY, 

MANUFACTURERS  OF 

Malleable  and  Cast-Iron  Gas,  Steam  and  Water  Fittings, 

BRASS  AND  IRON  VALVES  AND  COCKS. 
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u.  T.  HUNQERFORD,  President.  GEO.  DAVIDSON,  Secretary. 

BERNARD  RIS,  Ass’t  Secretary.  J-  R-  VAN  BRUNT,  Treasurer. 

TELEPHONE,  2144  FRANKLIN. 

U,T.  Hungertord  BrassiiCopper  Co., 


NEW  YORK. 


Seamless  Brass  and  Copper  Tubing, 


For  CONDENSERS , HEATERS , STEAM  PIPES  and 
COPPERSMITHS’  WORK  GENERALLY . 

SHEET  AND  BOLT  COPPER. 

Spring  Brass  Wire,  Brass  Rods,  Drawn 
Muntz  Metal  Rods. 
Phosphor-Bronze  Wire  for  Springs. 

BRASS  and  COPPER  in  every  variety  of  Shape  and  Form. 

Illustrated  Catalogue  covering  our  entire  Line  sent  on  Application. 
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Electric  Apparatus 

Alternating  Current  Generators 
to  5,000  H.  P. 

Direct  Current  Generators 
to  4,000  H.  P. 

Westinghouse  Electric  & Mfg.  Co., 

PITTSBURG,  PA. 

The  British 

Westinghouse  Electric  & Mfg.  Co.,  Ltd.,  All  Principal  Cities  in  U.  S. 

London,  England.  ant*  Canada. 

Gas  Engines 

The  only  Qas  Engine  that  can  successfully 
operate  a direct=connected  generator. 

The  Westinghouse  Machine  Co., 

Pittsburg — Manufacturers— Chicago. 

SALES  DEPARTMENT  CONDUCTED  BY 

Westinghouse,  Church,  Kerr  & Co., 

Engineers, 

New  York,  Chicago,  Boston,  Pittsburg,  Philadelphia,  Buffalo,  Detroit. 


When  writing  to  Advertisers,  mention  this  Magazine, 


XXI 


Harris  and  jVfaguire, 

General  ^ 


Contractors. 


ROAD  CONSTRUCTION. 

BRICK  PAVEMENTS. 

GRANITE  PAVEMENTS. 
LAYING  WATER  PIPE. 
SEWER  CONSTRUCTION. 
TRUCKING. 


ESTIMATES  FURNISHED. 


485  Flatbush  Avenue, 


BROOKLYN , N.  Y. 


Telephone,  - 


- 38  FUtbnsht 
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Randolph-Clowes  Co., 

WATERBURY,  CONN., 

Manufacturers  of -a*. 

SEAMLESS  BRASS  AND  COPPER  TUBES,  up  to  32"  diameter. 
SEAMLESS  BRASS  AND  COPPER  SHELLS,  “ 32" 

BRAZED  BRASS  AND  COPPER  TUBES.  ! 

SHEET  BRASS,  SHEET  COPPER.  BRASS  RODS. 
BROWN  BROS.  SEAMLESS  DRAWN  COPPER. 

RANGE  BOILERS. 

New  York  Office:  253  Broadway. 

M.  T.  DAVIDSON, 

43-53  Keap  Street,  lVT  r\+*\r 

Borough  of  Brooklyn,  * ^ X OYI&.+ 

STEAM  PUMPS, 

PUMPING  ENGINES  as? 
HYDRAULIC  MACHINERY. 


Plans  and  Estimates  Furnished  for  City  Water  Works, 
Designs  to  Suit  Special  Requirements, 
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THE  ASHCROFT 
MANUFACTURING  CO. 

MANUFACTURERS  OF 

EDSON  RECORDING 

GAUGES, 

VACUUM  GAUGES, 
STEAM  GAUGES, 
TABOR  STEAM  EN- 
GINE INDICATORS. 


85-17-89  LIBERTY  ST., 

NEW  YORK. 


EDSON  RECORDING  GAUGE. 


ASBE 

FIRE-  FELT 


jTOS 


'"'STEAM  PIPES. 
BOILERS, &c.&c. 


[APPLICATION  SIMPLE 
INEXPENSIVE. 

H.W.  JOHN 

EW.YO R IV  CHI CAGO  • PH 
MAKE 

AS  B E STO  S MATE  R I A LS, 
[ROOFING  MATERIALS, 


THE  PERFECT 
NON  HEAT  CONDUCTORS. 


FELT-LIKE 
& FIRE  PROOF. 
5 M’F’G  GO., 

ILADELPHIA  • BOSTON  • 

RLIQUID  PAINTS  6a  stains, 
electrical  materials. 


CQFrRIGHT  sa.  nil  a hfg  ca 
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SCHAEFFER  & BUDENBERG, 

MANUFACTURERS  OF 

PRESSURE  UAIIf.ES rnR  all  purposes. 

Metropolilanand  Columhia  Piessure  Recording  Ganges. 

FOR  INDICATING 

Steam,  Water,  Air,  Gas,  Ammonia  and 
Hydraulic  Pressures. 


Portable  and  Stationary  Tachometers, 

Thompson  Steam  Engine  Indicators. 
Prof.  R.  C.  CARPENTER’S 

Thrp°aSg  fndacoaSiep-  CALORIMETERS, 

Write  for  Catalogue  A. 

SALESROOMS : 

S W.  Lake  St.,  Chicago,  III.,  66  John  St.,  New  York. 

Works  and  General  Offices,  Brooklyn,  N.  Y. 


ESTABLISHED  1851. 

Eimer  & Amend, 

Manufacturers  and  Importers  of 

CIEMICiLS  m CHENHCIL IPPIMTUS, 

205,  207,  209  and  21 1 THIRD  AVENUE, 

Corner  of  18th  Street,  ' NEW  YORK. 


Sole  Agents  for  Jena  Normal  Glass,  the  best  glass  for  the  Laboratory. 
Sole  Agents  for  Kahlbanm’s  famous  C.  P.  Chemicals  and  Reagents. 
Finest  Bohemian  and  German  Glassware,  Royal  Berlin  and  Meissen 
Porcelain.  Purest  Hammered  Platinum,  Balances  and  Weights, 
Zeiss  Microscopes,  and  Bacteriological  Apparatus,  Chemically 
Pure  Acids,  and  Assay  Goods. 
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TUTTLE  & BAILEY  MEG.  CO., 

MANUFACTURERS  I^EGISTERS, 

OF  Ventilators. 


HEATING  AND  VENTILATING  SPECIALTIES 

FROM  ARCHITECTS’  DESIGNS. 


Fine  Castings  « 


Tablets, 

Name  Plates, 
Grilles,  etc. 


BRASS 

BRONZE 


83  Beekman  St.,  New  York. 


Wittenberg  Coal  Mining  Co., 

SHIPPERS  OF 

COLONIAL  AND  VICTORIA 

Steam  Coals 

AND 

FRUGALITY  SOFT  COAL. 

UNEXCELLED  FOR 

Steamships,  Railroads  and  Stationary  Engines. 
telephones  : 1523  broad,  2166  broad. 


No.  11  Broadway,  New  York. 
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Continuous  Rail  Joint  Co. 

OF  AMERICA, 

Rooms  908-911  Lawyers  Building, 
NEWARK,  N.  J. 

Fewest  Parts.  Strongest 
and  Safest. 
Provides  for 
the  increased 
Tonnage  Up  to 
Date. 


GEO.  M.  EDDY  & CO 


Manufacturers  of 


Send  for 

Catalogue. 


MEASURING  TAPES 

FOR  ALL  PURPOSES, 

345=353  Classon  Ave.,  Brooklyn,  N.Y. 

Steel  Tapes  of  all  kinds  for  Engineering  pur- 
poses a specialty.  Also  Light  Steel  Standard 
Measures,  one-eighth  inch  wide,  graduated  each 
five  or  ten  feet,  with  reel  for  rough  work  ; will  not 
break;  warranted U.  S.  standard  Measure. 


JOHN  S.  LOOMIS, 


MOULDINGS!!  Every  Description. 

LUMBER  AND  TIMBER, 

Window  Frames,  Cabinet  Trims,  Etc. 

Corner  Baltic  and  Nevins  Streets,  BROOKLYN,  N.  Y. 

P.  O.  BOX  98.  TELEPHONE,  2260  MAIN. 

S.  & G.  LOOMIS,  Sashes,  Doors  and  Blinds,  Butler  St.,  near  Nevins. 

TELEPHONE  CONNECTIONS. 

A U D L E Y- C L A R K E, 

Successor  to  CHRISTIAN  &.  CLARKE, 

Masons'  Building  Materials. 

YARD:  I BRANCH  YARD: 

Second  Street  and  Gowanus  Canal.  | Foot  49th  Street,  South  Brooklyn. 


Brooklyn  Agent 


for  Copley  Rosendale  Cement.  Over  100,000  barrels  used  in  1897  and 
1898,  for  concrete  in  Brooklyn  streets. 
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THE  WEBER  RAILWAY  JOINT 

Manufacturing  Co., 

71  BROADWAY,  N.Y. 

BRANCH  OFFICES! 

BOSTON  : - Mason  Building. 

CHICAGO:  Old  Colony  Building. 
BALTIMORE:  Equitable  Building. 


Kolesch  & Co., 

SUCCESSORS  TO 

F.  ECKEL,  FORMERLY  BLUNT  & CO., 

138  Fulton  St,  New  York, 

MANUFACTURERS  OF 

SURVEYING  INSTRUMENTS, 

SPECIAL  FACILITIES  FOR  REPAIRING. 

Catalogue  of  Architects  and  Engineers’  Supplies  on  Application. 

W.  J.  KINGSLEY,  Vice-Pres.  W.  R.  HUNTINGTON,  Pres.  J.  S.  HASELTON  , Secy. 

THE  ROME  BRASS  & COPPER  COMPANY, 

ROME,  N.  Y. 

BRASS  AND  COPPER 

IN  SHEETS,  RODS,  WIRE,  RIVETS  and  SEAMLESS  DRAWN  TUBING  A SPECIALTY 

Represented  By 

E.  S.  CLEflENTS,  100  William  Street,  tel.,  .694  John. 


VOUGHT  & WILLIAMS, 

363,  365  & 367  Greenwich  Street, 

New  York  City, 

IRORantlSTEEL, 


BURDEN  RIVETS. 
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Reed  & Hewlett, 

MANUFACTURERS  OF 

Lubricating  Oils, 


18-20  PLATT  STREET, 

Telephone,  1950  Cortlandt.  NEW  YORK  CITY. 

TELEPHONE  815  MAIN. 

WILLIAM  J.  PLANT, 


GENERAL  CONTRACTOR  AND  TRUCKMAN, 


105  ADAMS  STREET, 


BROOKLYN,  N.  Y. 


Estimates  furnished  on  all  classes  of  public  and  private  improvements.  Also  on  the 
moving  of  machinery  and  general  merchandise. 


JOHN  FOX 


NICHOLAS  ENQEL 


, pas  NICHOLAS 

-J  & 

> 0 ~CAST  IRO« 


SPECIAL  CASTINGS,  FIRE  HYDRANTS,  VALVES, 
GENERAL  FOUNDRY  AND  MACHINE  WORK. 

Postal  Telegraph  Building,  253  BROADWAY,  NEW  YORK  CITY. 


The  Eddy  Valve  Co., 

WATERFORD,  N.  Y. 

VALVES,  FIRE  HYDRANTS, 

CHECK  VALVES,  SLUICE  GATES, 

VALVES  FOR  STEAM,  WATER, 
OIL  AND  GAS. 
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The  TWENTIETH  CENTURY  DOES  NOT  BEGIN  UNTIL  1901 1 

*7T  HE  Emperor  of  Germany  disputes  that  proposition,  but 
there  is  no  question  that  an  Engineer's  office  is  not 
up  to  date  unless  connected  with  the  telephone  system  of  the 

NEW  MliiMI  Ml  TELIPHOHt  CO. 

MAIN  office: 

81  WILLOUGHBY  ST.,  BROOKLYN. 

HENRY  NEUMAN.  MATTHEW  T.  MEAGHER. 

NEUMAN  & CO., 


Ilfli 


J23  Hope  Street,  Brooklyn,  N.  Y. 


Telephone,  1659  Willi amsburgh. 


J.  W.  & T.  P.  MURPHY, 


General  Contractors , 


all  kinds  of 


TELEPHONE, 


Office,  Cor.  25th  and  Cropsey  Aves., 


71  BATH  BEACH. 


Borough  of  Brooklyn. 


PARTS  OF  ENGINES,  PUMPS,  MO- 
TORS, SPECIAL  MACHINERY  AND 
TOOLS  IN  WHICH  QUALITY  IS  A 
FACTOR.  “CHEAP”  WORK  WE  DON’T 

do.  Our  Forgings  Guaranteed, 
from  tobin  Bronze,  Copper, 

IRON,  STEEL  AND  ALUMINUM... 


A SPECIAL  FORGING. 


J.  H.  WILLIAMS  & CO., 

9-31  Richards  St.,  Brooklyn,  New  York . 
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SCHLUCHTNER  BROS., 

MECHANICAL 
WORK  and 

GENERAL 
CONTRACTORS, 
2661-2667  ATLANTIC  AVENUE, 

Cor.  New  Jersey  Ave.,  BROOKLYN,  N.  Y. 


Telephone,  No.  195  Prospect. 

M.  F.  GLEASON, 

PLUMBING, 

GAS  FITTING, 
SANITARY  WORK, 

131  FIFTH  AVENUE,  near  St.  John’s  Place, 
755  NOSTRAND  AVE,  near  St.  John’s  Place, 
BROOKLYN,  N.  Y. 


ULYSSES  BROWN.  WILLIAM  L.  BROWN. 

BROWN  BROS., 

PLUMBERS  AND 
GASFITTERS, 

No.  354  FORTY-FIFTH  STREET, 

BROOKLYN,  N.  Y. 

TELEPHONE,  196  BAY  RIDGE. 

Telephone  Call,  1284  Williamsburgh. 

CHAS.  SCHIRRMEISTER.Jr. 

PLUMBER  AND 
GASFITTER  . . . 

No.  8 Tompkins  Avenue, 

BROOKLYN,  N.  Y„ 

Between  Flushing  Ave.  and  Hopkins  St. 


E.  D.  NEWMAN, 

LUMBER  DEALER, 

GRAND  STREET  AND 
NEWTOWN  CREEK, 

Telephone,  561  Williamsburgh. 


KEUFFEL  & ESSER  CO., 


C.  L.  BERGER  & SONS, 

successors  to  Buff  & Berger, 
Manufacture  all  kinds  of 

SURVEYING,  ENGINEERING  AND 

ASTRONOMICAL  INSTRUMENTS. 

Large  Illustrated  Catalogue  and  Manual 
of  their  Improved  Engineers’  Field  In- 
struments, Tapes,  Chains,  Leveling-rods, 
etc 

No.  9 Province  Court, 

BOSTON,  MASS. 

Instruments  carefully  repaired  and  adjusted. 


Telephone,  949  Main. 


DRAWING  MATERIALS, 
MATHEMATICAL  AND  SURVEYING 
INSTRUMENTS, 

127  Fulton  St.,  and  42  Ann  St.,  New  York, 
Manufacturers  of  the  Latest  and  Most  Improved 

Transits,  Levels  and  other  Field  Instru- 
ments 

For  Engineers  and  Surveyors. 

Excelsior  Steel  and  Metallic  Measuring 
Tapes. 

These  Tapes,  of  American  manufacture,  are 
equal  to  the  best,  and  are  fully  warranted. 

Our  handsomely  illustrated  catalogue  com- 
pletely describes  our  goods,  and  is  sent  gratis 
on  application. 


<D.  Vf-  palmer, 

Pine  (Dob  PVintiqg, 


o.  359  Pultorj  Street, 

BROOKLYN,  N.  Y. 
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We  Can  Please  You 
Give  Us  a Trial 


jidionaMiii 

ART  PITERS  922  fulton  St.,  Brooklyn 


Telephone 
1066a  Bedford 


JOHN  A.  KELLY.  FRED.  J.  KELLY. 

TELEPHONE  239  HAMILTON. 


J.  & F.  KELLY, 
Dock  BuildersiM  Contractors. 


CALVIN  TOMKINS, 

Tomkins  Cove  Blue  Slone 

For  CONCRETE  and  MACADAM. 


Water  Front  Improvements: 

Pile  Driving  for  Foundations. 

62  BEARD  STREET, 

BROOKLYN,  N.  Y. 

Borough  Construction  Co., 

General . . . 
Contractors, 

189  MONTAGUE  STREET, 

TEL. 1014  MAIN.  BROOKLYN,  N.  Y. 

TELEPHONE  28B  FLATBUSH.  BOX  96  M.  & T.  EX. 

Rockefeller  & Hazzard, 

KAIDAMANT. 

Sidewalks,  Cellar  Floors, 
Roadways,  Arches,  Rail= 
road  Platforms,  Etc. 

332  LENOX.  EOAD. 
BROOKLYN,  N.  Y. 


Old  Newark  Co.’s  Rosendale  Cement. 

120  LIBERTY  STREET, 

Telephone,  1063  Cortlandt  NEW  YORK. 

JAMES  H.  HOLMES  & CO., 

General  Contractors, 

58  EWEN  STREET, 

TELEPHONE  688  WILLI AMSBURQH, 

BROOKLYN. 


95  WALL  STREET, 

TELEPHONE  285  BROAD, 

NEW  YORK. 

TELEPHONE,  410  PROSPECT. 

D.  J.  DONOVAN, 

PLUMB1HG  AND  GAS  FITTING, 
Steam  and  Hot  Water  Heating, 

Sanitary  Work  a Specialty. 

Jobbing  promptly  attended  to. 

Estimates  given. 

132  FIFTH  AVENUE, 

| Bet.  Butler  and  Douglas  Sts.,  BROOKLYN,  N.  Y. 


THE  JOHN  HANCOCK  MUTUAL  LIFE  INSURANCE  CO. 

OF  BOSTON,  HASS., 


ALBERT  Q.  SHEPARD,  Special  Agent,  j §5  Bv™kiyo. 


A Massachusetts  Life  Insurance  Policy  is  a Perfect  Contract.  Write  for  Particulars. 
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HYDE  & COMPANY, 

MAPS  AND  ATLASES, 

97  Liberty  Street, 

BROOKLYN. 


E.  SWEENEY.  JAMES  J.  SWEENEY. 

E.  SWEENEY  & SON, 

WHOLESALE  DEALERS  IN 

NORTH  RIVER  BLUE  STONE 


GENERAL  OFFICE: 

229  BROADWAY,  N.  Y., 

Opposite  General  Post-Office. 
Telephone,  2418  B Cortlandt. 

( Wilbur,  City  of  Kingston,  Ulster  Co.,  N.  Y. 
Depots :•<  SAUGERTIES,  Ulster  Co.,  N.  Y. 

( Telegraph  Office,  Rondout,  N.  Y. 


T.  Henry  Dumary',  President.  I Chas.  TT.  Bergen,  Chief  Engineer.  I E.  H.  Baillie,  Secretary. 

S.  Olin  Johnson,  Vice-President.  W.  D.  Sherman,  Mech.  Engineer.  F.  B.  Johnson,  Treasurer. 

| H.  A.  Minor,  Solicitor.  | 

The  Wilson  & Baillie  Manufacturing  Co., 

andFaSy,  85=93  Ninth  St.,  Brooklyn,  N.  Y. 

MANUFACTURERS  OF 

Patent  Machine-Made  QUTA/UD 

“ Portland  Cement”  |jJj  if  IJii 

Egg  Shape  with  Flat  base.  Can  be  Laid  to  a Perfect  Gradient. 

Pronounced  by  Engineers  who  have  seen  the  method  of  manufacture  to  have  no  equal. 


KOSMOCRETE  ARTIFICIAL  STONE  ings,  Steps,  Railroad  Depot  Plat- 
forms, Flooring  for  Warehouses,  Apartment  Houses,  and  Improved  Stable  Floors. 


KOSMOCRETE  STEEL=BOUND  CURB, 

Steel-Bound  Curb  is  superior 

to  any  natural  stone.  Laid  in  20-foot  lengths,  with  invisible  joints,  with  concrete 
foundations,  is  never  out  of  line.  Galvanized  steel  edges  cannot  rust  or  break. 


THE  FILTRATION  PLANT  FOR  THE  CITY  OF  ALBANY  WAS  CONSTRUCTED  BY 

THIS  COMPANY. 


E.  J.  McKEEVER, 
General  Contractor, 

ARBUCKLE  BUILDING. 

371-373  Fulton  St.,  * Brooklyn,  N.  Y. 


TELEPHONE,  2278  MAIN. 
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BORMAY  & CO., 

64,  Fulton  Street, 


MANHATTAN,  N.  Y., 


MAPS  AND  DIAGRAMS 

FOR  NEARLY  ALL  THE  LEADING  PUBLISHERS  AND  SCIEN- 
TIFIC  PAPERS  IN  NEW  YORK. 


first-class  work  at  reasonable  prices. 

Telephone,  371  John. 

The  Eastern  Stone  Company, 

General  Contractors 

— IN — 

STONE  FUGGING,  CURBING  and  GUTTER,  MACADAM  ROADS. 

SPECIALTY : “Samson  Sawed  Stone,  Flag  and  Curb. 

ST.  PAUL  BUILDING,  220  BROADWAY,  New  York  City. 
Telephone,  846  cortlandt. 

Telephone,  137  East  New  York_ 
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The  Engineering  RECORD 

GIVES  PROMINENCE  TO 

MUNICIPAL  ENGINEERING. 

Construction  and  Operation  of  Water-works,  Sewers  and  Sewage  Disposal  Plants,  Roads 
and  Pavements,  Garbage  Disposal. 

GENERAL  CIVIL  ENGINEERING. 

Docks,  River  and  Harbor  Improvements,  Subways,  Canals,  Contractor’s  Plant. 

STRUCTURAL  ENGINEERING. 

Bridges  and  Buildings,  Ventilation,  Heating,  Elevator  Service,  Lighting,  Plumbing. 


STEAM  ENGINEERING. 

Design,  Construction  and  Management  of  Power  Plants. 


Published  EVERY  SATURDAY,  at  100  WILLIAM  STREET,  NEW  YORK.  $5.00  per 
year;  special  rates  to  clubs  seat  upon  application. 


...THE... 


Telephone,  131  Bushwick. 


KENNEDY  VALVE  MFD.  GO., 

57  BEEKMAN  S T.  and  87  ANN  S T. , 
NEW  YORK. 

WORKS,  COXSACKIE,  N.  Y. 

HYDRANTS 

AND 

( STEAM, 

valves:  for  WATER, 

( GAS,  Etc. 


JUNG  BROS., 

PLUMBERS, 

998  BROADWAY, 

Borough  of  Brooklyn. 

Brook  Avenue  and  I42d  Street, 

Borough  of  the  Bronx. 


H.  MUELLER  MFG.  CO.,  decatur,  ill.. 

MANUFACTURERS 

WATER  TAPPING  MACHINES,  WATER  PRESSURE  REGULATORS,  COR- 
PORATION COCKS,  HOPPER  COCKS  AND  OTHER 
WATER  AND  GAS  SPECIALTIES. 


ESTABLISHED  1872. 

F.E.  BRANDIS  SONS  & CO., 

MANUFACTURERS  OF 


Civil  Engineers’  and  Surveyors’ 
Instruments, 

812-814  GATES  AVENUE, 
BROOKLYN,  N.  Y. 


Catalogues  sent  on  application  by  mention- 
ing Brooklyn  Engineers’  Club. 
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yy  ALTER  M.  MESEROLE,  C.  E.,  JOHN  MIDDLETON,  C.  E. 
Civil  Engineers  and  City  Surveyors, 

2789  ATLANTIC  AVENUE  AND 

189  MONTAGUE  STREET, 

j 41  EAST  NEW  YORK.  RRDDKI  YN  N Y 

Telephones:  |976  MA|N.  dKUUKLY  IN,  IN.  Y. 

j 1630A  MAIN. 

Telephones:  ■)  1146b  fLATBUSH. 

pRED  L.  BARTLETT, 

Civil  Engineer  and  City  Surveyor, 

189  Montague  Street,  and 

Flatbush  Ave.  and  Ave.  C. 

BROOKLYN. 

RUDOLPH  HERING, 

M.  Am.  Soc.  C.  E.,  M.  Inst.  C.  E., 

M.  Cctn.  Soc.  C.  E. 

Hydraulic  and  Sanitary  Engineer. 

designs  for  all  work  pertain- 
ing to  sewerage  and  water 

SUPPLY  OF  TOWNS 

Construction  Superintended. 

100  WILLIAM  STREET,  NEW  YORK  CITY. 

Telephone,  177  PROSPECT. 

QEO.  WEIDERMAN, 

Electrical  Contractor, 

309  Flatbush  Avenue,  BROOKLYN. 

Am.  Tract  Society  Building, 

150  Nassau  Street,  NEW  YORK. 

General  Agent 

empire  interior  telephone  system. 

WILLIAM  G.  FORD.  ROBERT  J.  BEACH. 

pORD  & BEACH, 

CIVIL  ENGRS.  AND  SURVEYORS, 

191  Montague  St.,  Brooklyn. 

pREDERICK  A.  HANNAH, 
Polytechnic  Institute, 

BROOKLYN. 

CONSULTING  MECHANICAL  ENGINEER. 
Inventions.  patents. 

[TDWIN  C.  SWEZEY, 

CIVIL  ENGINEER  AND 
CITY  SURVEYOR.  . . . 

39th  Street,  near  Third  Avenue, 

BROOKLYN,  N.  Y. 

Telephone  Connection. 

Successor  to  L.  L.  Bartlett,  Long  Distance  Tel., 

Established  .848.  107  Bushw.ck. 

|_|0MER  L.  BARTLETT, 

Civil  Engineer  and  City  Surveyor, 

1367  Broadway,  cor.  Gates  Ave., 

BROOKLYN,  N.  Y. 

Surveys,  Roads,  Bridges,  Water-Works,  Sewerage, 
Iron  Building. 

p L.  WILLIAMS, 

City  Surveyor 

AND 

CIVIL  ENGINEER , 

204  Montague  Street, 

BROOKLYN,  N.  Y. 

ROADS.  BRIDGES.  SEWERAGE. 
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Asbestos: 

Johns,  H.  W.,  Mfg.  Co.,  xxiii. 

Asphalt: 

Alcatraz  Co.,  v. 

Barber  Asphalt  Paving  Co.,  ii. 
Brooklyn  Alcatraz  Asphalt  Co.,  iv. 
Eastern  Bermudez  Paving  Co.,  iii. 

Bolts,  Nuts,  etc. : 

Rhode  Island  Tool  Co.,  xviii. 

Brass  and  Copper: 

Ansonia  Co.,  xvi. 

Hungerford  Co.,  U.  T.,  xix. 
Randolph-Clowes  Co.,  xxii. 

Rome  Brass  & Copper  Co.,  xxvii. 
Williams,  J.  H.,  & Co.,  xxix. 

Building  Materials: 

Clarke,  Audley,  xxvi. 

Loomis,  John  S.,  xxvi. 

Newman,  E.  D.,  xxx. 

Cast  Iron  Pipe: 

Fox  & Engel,  xxviii. 

Simmons  Co.,  John,  xvii. 

Cement  and  Concrete  Work: 

Rockefeller  & Hazzard.  xxxi, 

Wilson  & Baillie  Mfg.  Co.,  xxxii, 

Cements: 

Clarke,  Audley,  xxvi. 

Commercial  Wood  & Cement  Co.,  vii. 
Tomkins,  Calvin,  xxxi. 

Chemicals: 

Eimer  & Amend,  xxiv\ 

Coal: 

Nassau  Coal  Co.,  xiv. 

Wittenberg  Coal  Mining  Co.,  xxv. 

Conduits: 

American  Vitrified  Conduit  Co.,  viii. 
Contractors: 

Borough  Construction  Co.,  xxxi. 
Caccavajo,  Joseph,  xi. 

Gallagher,  Frank  J.,  xiv. 

Holmes,  J.  H.,  & Co.,  xxxi. 

Kelly,  J.  & F..  xxxi. 

Maillie,  John  F.,  x. 

McKeever,  E.  J.,  xxxii. 

Murphy,  J.  W.  & T.  P.,  xxix. 

Nassau  Construction  Co.,  xiv. 

Neuman  & Co.,  xxix. 

Plant,  William  J.,  xxviii. 

Schluchtner  Bros.,  xxx. 

Drawing  Materials: 

Keuffei  & Esser,  xxx. 

Kolesch  & Co.,  xxvii. 

Electrical  and  Mechanical: 

Burhorn  & Granger,  i. 

Weiderman,  George,  xxxv. 
Westinghouse,  Church,  Kerr&Co.,xx. 
Westinghouse  Electric  & Mfg.  Co.,  xx. 


Engineers: 

Bartlett,  F.  L.,  xxxv. 

Bartlett,  H.  L.,  xxxv. 

Caccavajo,  Joseph,  xi. 

Ford  & Beach,  xxxv. 

Hannah,  F.  A.,  xxxv. 

H ering,  Rudolph,  xxxv. 

Meserole,  Walter  M.,  xxxv. 

Middleton,  John,  xxxv. 

Swezey,  E.  C.,  xxxv. 

Williams,  R.  L.,  xxxv. 

Engineering  Instruments: 

Berger,  C.  L.  & Son,  xxx. 

Brandis,  F.  E.,  Sons  & Co.,  xxxiv. 
Keuffei  & Esser,  xxx. 

Kolesch  & Co.,  xxvii. 

Engineering  Record,  xxxiv. 

Engravers: 

Bormay  & Co.,  xxxiii. 

Gates,  Valves,  Hydrants,  etc. : 

Eddy  Valve  Co.,  xxviii. 

Fox  & Engel,  xxviii. 

Kennedy  Valve  Mfg.  Co.,  xxxiv. 
Mueller,  H.,  Mfg.  Co.,  xxxiv. 

Simmons,  John,  Co.,  xvii. 

Gauges  and  Indicators: 

Ashcroft  Mfg.  Co.,  xxiii. 

Schaeffer  & Budenberg,  xxiv. 

Insurance: 

John  Hancock  Life  Insurance  Co.,  xxxi 

Iron  Founders: 

Builders’  Iron  Foundry,  xv. 

Fox  & Engel,  xxviii. 

Tuttle  & Badey  Mfg.  Co.,  xxv. 

Lubricating  Oils: 

Reed  & Hewlett,  xxyiii. 

Lumber: 

Loomis,  John  S.,  xxvi. 

Newman,  E.  D.,  xxx. 

Maps: 

Hyde  & Co.,  xxxii. 

Meters  * 

Builders'  Iron  Foundry,  xv. 

Pumps: 

Davidson,  M.  T.,  xxii. 

Plumbers: 

Brown,  Bros.,  xxx. 

Donovan,  D.  J , xxxi. 

Eiermann,  William,  xxxiii. 

Gleason,  M.  F.,  xxx. 

Jung  Bros.,  xxxiv. 

Schirrmeister,  Chas.,  Jr.,  xxx. 

Printing: 

Evening  Post  Job  Printing  House,  xii, 
Gunnison,  J.  W.,  & Co.,  xxxi. 

Palmer,  J.  W.,  xxx, 
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Railway  Joints:  ^ 

Continuous  Rail  Joint  Co.,  xxvi. 
Weber  Railway  Joint  Mfg.  Co.,  xxvn. 

Roofing:  „ ^ ... 

Commonwrealth  Roofing  Co.,  xni. 
Johns,  H.  W.,  Mfg.  Co.,  xxiii. 


Steel: 

Vought  & Williams,  xxvii. 
Williams,  J.  H.,  & Co.,  xxix. 

Steam  Pipe  and  Fittings: 

Patterson.  Gottfried  & Hunter,  xi. 
Simmons  Co.,  John,  xvii. 

Steam  Pipe  Covering: 

Johns,  H.  W.  Mfg.  Co.,  xxiii. 
Keasbey,  R.  A.,  i. 


Stone: 

Brown  & Fleming,  ix. 
Caccavajo,  Joseph,  xi. 
Eastern  Stone  Co.,  xxxiii. 
Sweeney,  E.,  & Son,  xxxii. 
Tomkins,  Calvin,  xxxi. 


Supplies:  x 

Patterson,  Gottfried  & Hunter,  xi. 
Simmons,  John,  Co.,  xvii. 


Telephone  Service:  m , 

New  York  & New  Jersey  Telephone 
Co.,  xxix. 


Tool  Mfrs.,  etc.: 

Rhode  Island  Tool  Co.,  xviii. 
Patterson,  Gottfried  & Hunter,  xi. 
Simmons,  John,  Co.,  xvii. 
Williams,  J.  H.,  & Co.,  xxix. 
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To  the 

MEMBERS  OF  THE  CLUB. 

* ^ ^ 

*|*HE  Advertisers  in  this  book  are 
all  first-class  firms* 

When  you  have  contracts  in  lines 
which  are  here  represented,  give  these 
firms  the  preference,  for  they  have 
helped  the  Club* 

^ ^ 


Let  us  Practice  Reciprocity, 


